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(57) ABSTRACT 

An immobilized metal affinity chromatography (IMAC) 
method for separating and/or purifying compounds contain 
ing a non-shielded purine or pyrimidine moiety or group Such 
as nucleic acid, presumably through interaction with the 
abundant aromatic nitrogenatoms in the purine or pyrimidine 
moiety. The method can also be used to purify compounds 
containing purine or pyrimidine moieties where the purine 
and pyrimidine moieties are shielded from interaction with 
the column matrix from compounds containing a non 
shielded purine or pyrimidine moiety or group. Thus, double 
stranded plasmid and genomic DNA, which has no low bind 
ing affinity can be easily separated from RNA and/or 
oligonucleotides which bind strongly to metal-charged 
chelating matrices. IMAC columns clarify plasmid DNA 
from bacterial alkaline lysates, purify a ribozyme, and 
remove primers and other contaminants from PCR reactions. 
The metal ion affinity of yeast RNA decreases in the order: 
copper (II), nickel (II), Zinc (II), and cobalt(II). 

25 Claims, 14 Drawing Sheets 
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1. 

NUCLECACID SEPARATION USING 
MMOBILIZED METALAFFINITY 

CHROMATOGRAPHY 

RELATED APPLICATIONS 

This application claims provisional priority to U.S. Provi 
sional Patent Application Serial No. 60/246.292 filed Nov. 6, 
2OOO. 

GOVERNMENT LICENSE RIGHTS STATEMENT 

The U.S. Government has a paid-up license in this inven 
tion and the right in limited circumstances to require the 
patent owner to license others on reasonable terms as pro 
vided for by the terms of grant No. R825354-01-0 from the 
National Space Biomedical Research Institute and the Envi 
ronmental Protection Agency. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an immobilized metal 

affinity chromatography (IMAC) instrument, a Substrate con 
taining immobilized metal affinity ligands, and a method for 
purifying and/or separating compounds containing a non 
shielded purine or pyrimidine moiety or group using the 
instrument or Substrate. 
More particularly, the present invention relates to an immo 

bilized metal affinity chromatography (IMAC) instrument 
and/or a Substrate containing immobilized metal affinity 
ligands where the metalion immobilized on the ligand of the 
column of an IMAC instrument or the substrate is capable of 
binding compounds containing a non-shielded purine or pyri 
midine moiety or group where binding affinities results in a 
separation of different compounds containing a non-shielded 
purine or pyrimidine moiety or group or in a purification of 
compounds that do not contain a non-shielded purine or pyri 
midine moiety or group from compounds that do contain a 
non-shielded purine or pyrimidine moiety or group. The 
present invention also relates to a method for purifying and/or 
separating compounds containing a non-shielded purine or 
pyrimidine moiety or group Such as single Stranded DNA, 
RNA, or other compounds containing a non-shielded purine 
or pyrimidine moiety or group, or to a method for removing 
compounds containing a non-shielded purine or pyrimidine 
moiety or group from compounds that do not contain a non 
shielded purine or pyrimidine moiety or group Such as remov 
ing nucleotides and primers from PCR reactions and/or reac 
tion products and purifying plasmid DNA. 

2. Description of the Related Art 
Immobilized Metal Affinity Chromatography (IMAC) was 

introduced by Porath et al. (1, 2) as a means of purifying 
proteins based on the affinity of their surface-exposed amino 
acids (especially histidines) for chelated metal ions. The 
method has found widespread application in the purification 
of recombinant histidine-tagged and pharmaceutical pro 
teins, most commonly using Cu(II) and Ni(II) ions chelated 
by iminodiacetic acid (IDA) and nitrilotriacetic acid (NTA) 
functionalities. Metal chelate ligands are best known as affin 
ity agents in chromatography but have also been immobilized 
on foams (3), membranes (4), biosensor chips (5), and in 
electrophoresis gels (6); they have also been used as affinity 
precipitation agents (7). 
The interaction of metal ions with nucleic acids is a long 

standing and active field of study (8, 9). While metal ion 
binding to nucleic acids is well known, and plays an important 
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2 
role in the function of the widely used cancer drug cisplatin 
(10), IMAC has found very limited application in the purifi 
cation of nucleic acids. Fanou-Ayi and Vijayalakshmi (11) 
and Hubert and Porath (12) demonstrated the binding of 
mononucleotides to copper IMAC resins, and histidine-con 
jugated PCR primers have been used to facilitate purification 
of the resulting histidine-tagged oligonucleotide products 
(13), but the potential applications of IMAC in nucleic acid 
separation and analysis remain largely unexplored. 

Thus, there is a need in the art for an IMAC instrument and 
method, where the IMAC column includes metals or metal 
ions capable of binding compounds containing a non 
shielded purine or pyrimidine moiety or group to effectuate 
separation and/or purification of different compounds con 
taining a non-shielded purine or pyrimidine moiety or group 
or for purifying compounds that do not contain a non 
shielded purine or pyrimidine moiety or group from com 
pounds that do contain a non-shielded purine or pyrimidine 
moiety or group. 

SUMMARY OF THE INVENTION 

The present invention provides a composition including a 
first molecular component having immobilized metal atoms 
and/or ions and a second molecular component including a 
non-shielded purine moiety or group and/or pyrimidine moi 
ety or group, where the second molecular component is 
bound to, associated with and/or interacting with the metal 
atoms and/or ions of first molecular component. 
The present invention provides a composition including a 

molecular component having immobilized metal atoms and/ 
or ions capable of associating with, interacting with or bind 
ing a second molecular component including a non-shielded 
purine moiety or group and/or pyrimidine moiety or group. 
The present invention provides an immobilized metal 

affinity composition including a molecular component 
including immobilized metal atoms and/or ions capable of 
binding compounds including a non-shielded purine moiety 
or group and/or pyrimidine moiety or group. 
The present invention provides an immobilized metal 

affinity composition including a molecular component 
including immobilized metal atoms and/or ions capable of 
binding compounds including a non-shielded purine moiety 
or group and/or pyrimidine moiety or group and a compound 
including a non-shielded purine moiety or group and/or pyri 
midine moiety or group bound thereto. 
The present invention provides an immobilized metal 

affinity chromatography (IMAC) column including a matrix 
or absorbent having immobilized metal atoms and/or ions 
capable of binding compounds containing a non-shielded 
purine moiety or group and/or pyrimidine moiety or group. 
The present invention provides an immobilized metal 

affinity chromatography (IMAC) column including a matrix 
or absorbent having immobilized metal atoms and/or ions 
capable of binding compounds containing a non-shielded 
purine moiety or group and/or pyrimidine moiety and/or 
group and a compound containing a non-shielded purine moi 
ety or group and/or pyrimidine moiety or group bound 
thereto. 
The present invention provides a Surface including an 

immobilized metal affinity composition coated thereon, 
where the composition includes immobilized metal atoms 
and/or ions capable of binding compounds containing a non 
shielded purine moiety or group and/or pyrimidine moiety or 
group. 
The present invention provides a Surface including an 

immobilized metal affinity composition coated thereon, 
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where the composition includes immobilized metal atoms 
and/or ions capable of binding compounds containing a non 
shielded purine moiety or group and/or pyrimidine moiety or 
group, and a compound containing a non-shielded purine 
moiety or group and/or pyrimidine moiety or group bound 
thereto. 

The present invention provides a method for separating 
different compounds containing a non-shielded purine moi 
ety or group and/or a pyrimidine moiety or group by passing 
a solution containing the different compounds through an 
immobilized metal affinity chromatography (IMAC) column 
including immobilized metal atoms and/or ions capable of 
binding compounds containing a non-shielded purine moiety 
or group and/or pyrimidine moiety or group and analyzing the 
effluent from the column as a function of time or over a given 
period of time. 
The present invention provides a method for purifying a 

Solution comprising a major compound having one or more 
(at least one) shielded purine moiety or group or pyrimidine 
moiety or group and a minor compound containing one or 
more (at least one) non-shielded purine moiety or group or 
pyrimidine moiety or group by passing the solution through 
an immobilized metal affinity chromatography (IMAC) col 
umn including a matrix having immobilized metal atoms 
and/or ions capable of binding compounds containing one or 
more (at least one) non-shielded purine moiety or group or 
pyrimidine moiety or group and analyzing the effluent from 
the column as a function of time or over a given period of 
time. The column can include metal atoms and/or ions that 
have a higher or lower binding affinity for the major verses the 
minor compound and separation will result, provided that the 
binding affinities are indeed different. 

The present invention provides a method for purifying a 
Solution containing a compound that does not contain a non 
shielded purine moiety or group or pyrimidine moiety or 
group and a compound that does contain a (or a plurality of) 
non-shielded purine moiety(ies) or group(s) and/or a (or a 
plurality of) pyrimidine moiety(ies) or group(s) by passing 
the Solution through an immobilized metal affinity chroma 
tography (IMAC) column including immobilized metal 
atoms or ions capable of binding compounds containing a 
non-shielded purine moiety or group and/or pyrimidine moi 
ety or group and analyzing the effluent from the column as a 
function of time or over a given period of time. 
The present invention also provides a method including the 

steps of contacting a mixture including components having 
shielded one or more purine and/or pyrimidine moieties and 
components having non-shielded one or more purine and/or 
pyrimidine moieties with a molecular component including 
immobilized metal atoms and/or ions capable of binding the 
components having one or more non-shielded purine and/or 
pyrimidine moieties and eluting the components having one 
or more shielded purine and/or pyrimidine moieties. 
The present invention also provides a method including the 

steps of contacting a mixture of components having non 
shielded one or more purine and/or pyrimidine moieties with 
a molecular component including immobilized metal atoms 
and/or ions capable of binding the components having one or 
more non-shielded purine and/or pyrimidine moieties to form 
an associated mixture and flowing a solution over the associ 
ated mixture to affect a partial or complete separation of 
components. 
The present invention also provides a composition com 

prising a polymeric material including immobilized metal 
atoms and/or ions and a compound having a non-shielded 
purine and/or pyrimidine moiety or group bound thereto, 
where the compound is selected from the group of mRNA, 
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4 
RNA, ribosomyl DNA, denatured DNA, denatured cDNA, 
and other biological molecules having a purine and/or pyri 
midine moiety or group. 
The present invention also provides an immobilized metal 

affinity composition comprising immobilized metal atoms or 
ions capable of binding compounds containing a non 
shielded purine or pyrimidine moiety or group and a com 
pound containing a non-shielded purine or pyrimidine moiety 
or group bound thereto, where the compound is selected from 
the group of mRNA, RNA, ribosomyl DNA, denatured DNA, 
denature cDNA, and other biological molecules having a 
purine and/or pyrimidine moiety or group. 
The present invention also provides an immobilized metal 

affinity chromatography (IMAC) column comprising immo 
bilized metal atoms or ions capable of binding compounds 
containing a non-shielded purine or pyrimidine moiety or 
group and a compound containing a non-shielded purine or 
pyrimidine moiety or group bound thereto, where the com 
pound is selected from the group of mRNA, RNA, ribosomyl 
DNA, denatured DNA, denature cDNA, and other biological 
molecules having a purine and/or pyrimidine moiety or 
group. 
The present invention also provides a Surface comprising 

an immobilized metal affinity composition coated thereon, 
where the composition includes immobilized metal atoms or 
ions capable of binding compounds containing a non 
shielded purine or pyrimidine moiety or group, and a com 
pound containing a non-shielded purine or pyrimidine moiety 
or group bound thereto, where the compound is selected from 
the group of mRNA, RNA, ribosomyl DNA, denatured DNA, 
denature cDNA, and other biological molecules having a 
purine and/or pyrimidine moiety or group. 
The present invention also provides a multisubstrate col 

umn comprising a first Zone comprising an IMAC ligand or 
matrix and a second Zone comprising another separation 
medium, where the IMAC, which is relatively insensitive to 
an ionic strength of a solution, binds compounds comprising 
non-shielded purine or pyrimidine moieties or groups and the 
second Zone is designed to separate other constituents of the 
solution based on the other constituents interaction with the 
stationary material of the second Zone. The first Zone is fol 
lowed by or is preceded by the second Zone. Preferably, the 
second Zone follows the first Zone, where the second Zone 
comprises non-metal contain IMAC Substrate for binding any 
leached metal ions from the first Zone. Alternatively, the sec 
ond Zone comprises an anion exchange material or HIC mate 
rial. Preferably, the column is made using monolith technol 
Ogy. 
The present invention also provides an IMAC pre-filters for 

purifying Solution containing large quantities of plasmid. 
The present invention also provides an IMAC ligand or 

matrices deposited on capillary walls or in solution, where the 
IMAC ligand or matrix would alter the retention times of 
compounds having non-shielded purine and/or pyrimidine 
moieties in capillary electrophoresis. Preferably, the solution 
comprises an IMAC ligand or matrix bonded to, associated 
with or deposited on substrate. Preferably, the substrate is a 
polymer or dendrimer. Preferably, the polymer is a PEG. 
The present invention also provides an IMAC ligand or 

matrices deposited on a surface or in a gel, where the IMAC 
ligand or matrix alters retention times for of compounds 
having non-shielded purine and/or pyrimidine moieties in 
slab gel electrophoresis or alters in traditional IMAC chro 
matography. 
The present invention also provides a plasmid separation 

technique using membranes coated with or impregnated with 
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an IMAC matrix to filter out or prevent free RNA from 
migrating to the other side of the membrane structure. 
The present invention also provides a porous stirrer (a 

stick-like rod) with an IMAC ligand deposited thereon or 
therein to batch bind RNA from a solution containing plas 
mids to clarify plasmid lysate. 
The present invention also provides an assay using IMAC 

matrices deposited in the wells of microplates and then bind 
a single stranded oligonucleotide having a fluorescent tag to 
the matrix, where the IMAC matrix either contains a quencher 
in close proximity to the metal binding sites or the Substrate 
upon which the IMAC is coated acts as a fluorescent quencher 
and when a complimentary sequence is added to a well con 
taining the fluorescent tagged oligonucleotide, the two pair 
and the paired sequence is released and the tag fluoresces. 
The present invention also provides an assay comprising 

the steps of contacting a microplate Substrate comprising 
wells coated with a composition comprising an IMAC ligand 
with a single Stranded oligonucleotide including a first 
molecular and/or atom tag to form a IMAC-oligonucleotide 
complex, contacting a nucleic acid sequence including a sec 
ond molecular and/or atomic tag with the IMAC-oligonucle 
otide complex, and measuring a fluorescence of the resulting 
mixtures, where the tags interact to produce a fluorescent pair 
or a non-fluorescent pair if the nucleic acid sequence includes 
a complimentary Subsequence to oligonucleotide and where 
pair results in release of the paired nucleic acid sequence and 
oligonucleotide. 
The present invention also provides an assay comprising 

the steps of contactinga Substrate comprising a surface coated 
with a composition comprising an IMAC ligand and a first 
fluorophore with an oligonucleotide including a second fluo 
rophore and measuring an effective Stoke shift Such that a 
large effective Stoke shift signifies oligonucleotide binding to 
the coated substrate and a normal effective Stoke shift signi 
fies no oligonucleotide binding to the coated Substrate. 
The present invention also provides a method for separat 

ing different compounds containing a non-shielded purine or 
pyrimidine moiety or group by passing a solution containing 
the different compounds through an immobilized metal affin 
ity chromatography (IMAC) comprising immobilized metal 
atoms or ions capable of binding compounds containing a 
non-shielded purine or pyrimidine moiety or group and ana 
lyzing the effluent from the column as a function of time or 
over a given period of time. 
The present invention also provides a method for purifying 

a solution containing a major compound containing a non 
shielded purine or pyrimidine moiety or group and a minor 
compound containing a non-shielded purine or pyrimidine 
moiety or group by passing the Solution through an immobi 
lized metal affinity chromatography (IMAC) comprising 
immobilized metal atoms or ions capable of binding com 
pounds containing a non-shielded purine or pyrimidine moi 
ety or group and analyzing the effluent from the column as a 
function of time or over a given period of time. The column 
can include metal atoms or ions that have a higher or lower 
binding affinity for the major verses the minor compound and 
separation will results, provided that the binding affinities are 
indeed different. 
The present invention also provides a method for purifying 

a solution containing a compound that does not contain a 
non-shielded purine or pyrimidine moiety or group and a 
compound that does contain a non-shielded purine or pyrimi 
dine moiety or group by passing the solution through an 
immobilized metal affinity chromatography (IMAC) com 
prising immobilized metal atoms or ions capable of binding 
compounds containing a non-shielded purine or pyrimidine 
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6 
moiety or group and analyzing the effluent from the column 
as a function of time or over a given period of time. 
The present invention also provides a method for removing 

fluorophore tagged nucleotides or nucleosides from a solu 
tion involving passing the solution through an IMAC column 
capable of either binding to nitrogen atoms of a base residue 
in the nucleotides or nucleoside, binding to atoms and/or 
functional groups of the fluorophores or both and removing 
all non-bound materials from the column resulting in the 
removal of fluorophore labeled nucleotides or oligonucle 
otides from the solution. 
The present invention also provides a method for making 

multisubstrate columns comprising running a small amount 
of IMAC ligand onto an activated column and then flooding 
the rest of the column with one or more additional ligands or 
stationary phases. 
The present invention also provides a method for separat 

ing compounds comprising the steps of: (a) passing a solution 
comprising a mixture of compounds including a non-shielded 
purine or pyrimidine moiety or group through a column 
including an interior Surface coated with an immobilized 
metal affinity composition comprising a matrix and immobi 
lized metal ions capable of binding compounds containing a 
non-shielded purine or pyrimidine moiety or group; (b) ana 
lyzing the effluent from the column as a function of time for 
each compound; and (c) collecting more purified samples of 
each compound. 
The present invention also provides a method for separat 

ing compounds comprising the steps of: (a) passing a solution 
comprising a mixture of compounds including a non-shielded 
purine or pyrimidine moiety or group through a column 
including an interior surface coated with an immobilized 
metal affinity composition comprising a matrix and immobi 
lized metal ions capable of binding compounds containing a 
non-shielded purine or pyrimidine moiety or group; (b) 
detecting the present of each compound in an effluent from 
the column as a function of time from detectable properties of 
each compound; and (c) determining the identity of each 
compound from the detected properties. 
The present invention also provides a method for separat 

ing compounds comprising the steps of: (a) contacting a 
Solution comprising a first compound including a non 
shielded purine or pyrimidine moiety or group and a second 
compound including no non-shielded purine or pyrimidine 
moieties or groups with an immobilized metal affinity com 
position comprising a matrix and immobilized metal ions 
capable of binding compounds containing a non-shielded 
purine or pyrimidine moiety or group; and (b) washing the 
second compound from the matrix to form a more purified 
second compound. 
The present invention also provides a method for separat 

ing compounds comprising the steps of: (a) passing a solution 
comprising a first compound including a non-shielded purine 
or pyrimidine moiety or group and a second compound 
including no non-shielded purine or pyrimidine moieties or 
groups through a column coated with an immobilized metal 
affinity composition comprising a matrix and immobilized 
metal ions capable of binding compounds containing a non 
shielded purine or pyrimidine moiety or group; and (b) col 
lecting the second compound in a more purified State. 
The present invention also provides a method for separat 

ing compounds comprising the steps of: (a) passing a solution 
comprising a first compound including a non-shielded purine 
or pyrimidine moiety or group and a second compound 
including no non-shielded purine or pyrimidine moieties or 
groups overa Surface coated with an immobilized metal affin 
ity composition comprising a matrix and immobilized metal 



US 7,598,371 B2 
7 

ions capable of binding compounds containing a non 
shielded purine or pyrimidine moiety or group; and (b) col 
lecting the second compound in a more purified State. 
The present invention also provides a method for purifying 

a solution containing a major compound containing a non 
shielded purine or pyrimidine moiety or group and a minor 
compound containing a non-shielded purine or pyrimidine 
moiety or group by passing the Solution through an immobi 
lized metal affinity chromatography (IMAC) including 
immobilized metal atoms or ions capable of binding com 
pounds containing a non-shielded purine or pyrimidine moi 
ety or group and analyzing the effluent from the column as a 
function of time or over a given period of time. The column 
can include metal atoms or ions that have a higher or lower 
binding affinity for the major verses the minor compound and 
separation will results, provided that the binding affinities are 
indeed different. 
The present invention also provides a method for purifying 

a solution containing a compound that does not contain a 
non-shielded purine or pyrimidine moiety or group and a 
compound that does contain a non-shielded purine or pyrimi 
dine moiety or group by passing the solution through an 
immobilized metal affinity chromatography (IMAC) includ 
ing immobilized metal atoms or ions capable of binding com 
pounds containing a non-shielded purine or pyrimidine moi 
ety or group and analyzing the effluent from the column as a 
function of time or over a given period of time. 
The present invention also provides a method for separat 

ing poly(A)tailed mRNA from eukaryotic cells comprising 
the step of passing a solution containing eukaryotic cell 
mRNA through an IMAC column or over an IMAC matrix 
and separating poly(A) tailed mRNA from other mRNA, 
where the poly(A)tailed mRNA elutes from the IMAC matrix 
last because the poly(A)tail has such a high affinity for IMAC 
matrix, where the poly(A)tails are usually 50-200 bases long. 
The present invention also provides a method for separat 

ing denatured nucleic acid sequences having A rich regions 
from the complementary Stranded having Trich regions com 
prising contacting a solution containing the sequences having 
A rich regions with an IMAC matrix or ligand and separating 
all unbound components in the Solution and collecting the 
sequences having A rich regions. 
The present invention also provides a method for separat 

ing denatured nucleic acid sequences having Crich regions 

Parameter Units 

Product % 

purity 
RNA in DNA % of ppt. 
DNA Product Type 

10 

15 

25 

30 

35 

40 

Preferred 

95-100 

O-10 

pDNA, mDNA, cDNA, 
oDNA, genomic DNA, 
Primer, Oligonucleotide, 

8 
from the complementary Stranded having Grich regions com 
prising contacting a solution containing the sequences having 
Crich regions with an IMAC matrix or ligand and separating 
all unbound components in the solution and collecting the 
sequences having Crich regions. 
The present invention also provides a method for separat 

ing denatured nucleic acid sequences having A-C, A-G, and/ 
or A-C-G rich regions from the complementary stranded hav 
ing T-G, T-C and or T-G-Crich regions comprising contacting 
a solution containing the sequences having A-C, A-G, and/or 
A-C-G rich regions with an IMAC matrix or ligand and sepa 
rating all unbound components in the Solution and collecting 
the sequences having A-C, A-G, and/or A-C-G rich regions. 
The present invention also provides a method for purifying 

food stuffs containing purine and/or pyrimidine moieties 
comprising the steps of: (a) forming a crude food stuff.com 
prising cellular constituents including digestable proteins and 
nucleic acid contaminants; (b) contacting the food stuff with 
an agent including an IMAC ligand coordinating a metal atom 
and/or ion capable of binding contaminants including a non 
shielded purine or pyrimidine moiety to form an IMAC 
contaminant composition; and (c) separating the IMAC-con 
taminant composition from the crude food stuff to produce a 
purified food stuff. Further, the method includes the step of 
treating the crude food stuff with a DNASE, endo or exo 
nuclease or other nucleic acid digestion enzyme or agent prior 
to the contacting step. 
The present invention also provides a method for purifying 

a crude compound containing a non-shielded purine and/or 
pyrimidine moiety comprising the steps of: (a) forming a 
crude mixture comprising a desired compound and acid con 
taminants; (b) contacting the crude mixture with an agent 
including an IMAC ligand coordinating a metal atom and/or 
ion capable of binding to the desired compound to form an 
IMAC-compound complex; (c) separating the complex from 
the contaminants; and (d) recovering the compound from the 
complex. Preferably, the compound is an AIDS drugs, co 
enzyme A, or the like. The preferred AIDS drugs include AZT 
or DDI. 

Preferably, the interactions between the metal atoms and/or 
ions and the non-shielded purine and/or pyrimidine are 
reversible. 

Tabulation of Applications and Preferences 

TABLE A 

More Prefer. Most Pref. 

99-100 99.99 

O-2 

pDNA, mRNA, 
genomic DNA, 

O-1 

pDNA 

oligonucleotides 
mRNA, PCR products A-tailed 
PCR products, polyA 
mRNA, RNA-reduced 
solution, DNA-reduced 
solution, Nucleotide-reduced 
solution, Plasmid DNA with 
reduced content of nicked 

and linearized forms, 
Double-stranded hybrids 



Parameter 

Column 
Temperature 
for Separation 
Metals 

NonShielded 

Purines 

Pyrimidines 
Support 
Material 

Column Volume 
Space Velocity 

Support 
Shape 

Metal 
Concentration 
Binding 
Affinity 
Fluorophores 

Fluorophores 
Conc. 
Nucleotides 
Nucleosides 
2nd Zone 
Other 
Constituents 

Other 
surfaces for 
IMAC Ligand 

HICIon exch. 
Material 

Monoliths 
IMAC 
Ligands 

Prefilters 
Matrix 

Detectors 

Units 

o C. 

Metal 

Groups 

Compounds 

Compounds 
type 

cc.g. product 
WolfWolf Hr. 

Shape 

Imol/ml 
Matrix 
Major:minor 
compound 
Comd, 
Mfger 

gliter 

Compounds 
Compounds 
Compounds 

Area 

Type 

Shape 
Ligands 

Type 
Composition 

Type 
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TABLE A-continued 

Preferred 

O-120 

Cu(II), Ni(II), Zn(II), Co(II), 
Sc(II), Ti(II), V(II), Cr(II), 
Mn(II), Fe(II) 
Bases in single-stranded 
nucleic acids with 1-5,000,000 
bases 

Adenine, guanine NN need 
more non-nucleic acid 
examplesNN 
Cytosine, thymine, uracil 
Agarose, acrylamide, silica, 
other polymers, “Smart 
polymer Silica, silicon, 
glass, dextran, polystyrene, 
phase-separating polymer 
bearing chelator 
to 100,000 
NNN 0-infinite (for non-flow 
applications, or Zero-volume 
ayers of adsorbent) 
Beads, cutpellets, well plate, 
monolith, filter, membrane, 
tube, spin column, MEMS 
device, magnetic particles, 
hermo- or salt-precipitable 
polymer, phase-partitioning 
polymer, Soluble chelating 
polymer 
O-100 

OO1 to 10OOOOOO 

Fluorescein, Texas Red, 
Cy3, Cy5, rhodamine, 
ALEXA dyes, quantum dot 
fM-1 M 

Hydrophobic Interaction 
Chromatography, Ion 
Exchange, Hydroxyapatite, 
Fe(II) IMAC, Butyl 
Agarose, Reverse Phase 
Resin, Zirconia 
Filter, mesh, frit, adsorbent, 
coating on column wall, 
coating on tubing wall, 
coating on tank or container 
wal 
Butyl, phenyl, amine, 
Quaternary amine, DEAE, 
C18 (reverse phase) 
Rod, chip, disk, hollow tube 
Iminodiacetic acid (IDA), 
Nitrilotriacetic acid (NTA), 
Pentadentate chelator 
(PDC), tris-(2-ethylaminoethyl)amine 
(TREN), dipicolylamine 
(DPA), chelating lipids 
Spin, precoat, RNA removal 
Polymer with chelating 
groups, NTA agarose, IDA 
on acrylamide polymer, 
chelating silane derivatives 
on silica 
Flow absorbance detector, 
flow fluorescence detector, 
flow electrochemical 
detector, Spectrometer, 
GLC, fluorometer, 
fluorescence imaging, Mass 

More Prefer. 

5-50 

Cu(II), Ni(II) 

Bases in single 
stranded 
nucleic acids 
with 4-50,000 
bases 
Adenine, 
guanine 

Agarose, silica 

10-1,000 
1-1,000 

Beads, magnetic 
particles, well 
plate 

30-100 

3 to 10,000 

Fluorescein, 
Cy5, Cy3, 
ALEXA dyes 
1 nM-1 mM 

A, G 
A, G 

frit, adsorbent, 
coating on 
column wall 

Quaternary 
amine, DEAE 

Disk, rod 
IDA, NTA 

Most Pref. 

15-25 

Cu(II) 

Bases in single 
stranded 
nucleic acids 
with 10-5,000 
bases 
adenine 

agarose 

100 

beads 

SO-100 

30 

Fluorescein 

SOM 

Adsorbent 
coating on 
wall 

Quaternary 
amine 

disk 
IDA 

10 
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TABLE A-continued 

Parameter Units Preferred 

Spectrometer, plasmon 
resonance, microbalance, 
electrode 

Washing Composition Water, ethanol, polyethylene 
Fluid glycol, purine solution, 

imidazole, ammonium 
chloride, histidine, AMP, 
ADP, ATP, GTP, GDP, 
GMP, Guanine, Adenosine, 
competitive eluant, base, 
acid, amine 

Membranes Type, Mfger Semi-permeable membranes 
with IMAC Ligands 
attached 

Comp'd wo Structure Structured plasmid DNA, 
non shielded gDNA Structured RNA 
Purine/Pyrimidine (some types) Defect-free 

PCR product, RNA/DNA 
hybrid 

Comp'd With Compounds Denatured plasmid 
non shielded DNA, Denatured g|DNA 
Purine/Pyrimidine mRNA Defect-containing 

PCR product, PCR product 
with extra overhang, RNA 
in alkaline lysate, RNA/DNA 
hybrid, sequencing ladder, 
primer, nucleotide, 
mismatch-containing duplex 

Poly A Tail Bases 1-1000 
Length 
A Rich Region Compounds Poly A, mRNA 
T Rich Region Compounds PolyT, mRNA 
G. Rich Compounds PolyG, mRNA 
Region 
CFU Rich Compounds PolyU, PolyU, mRNA 
Region 
Polyethylene Mers 2000, 6000, 8000, 10000, etc. 
Glycol (PEG) 
Dendrimer Types Tentical Chromatography 

media (higher product 
capacties when IMAC 
ligand is on a dendrimer 
linker) 

Gels Types Polyacrylamide, Agarose, 
Food Stuffs Types Single cell protein, removal 

of nucleic acids from food 
stuffs in general. 

Digestion Types DNASE, endo-nuclease, exo 
Enzymes nuclease 
Products Compounds AIDS drugs comprising 

AZT, DDI, coenzyme A, 
acyclic purine nucleoside 
analogs (e.g. Acyclovir). 

More Prefer. 

Plasmid DNA, 

12 

Most Pref. 

Plasmid DNA 
Defect-free 
PCR product 

mRNA, PCR RNA, primer 
products with 
defects, RNA in 
alkaline lysate, 
primer 

SO-200 100 

Chai, S.A., R. R. Beitle, and M. R. Coleman, “Facilitated Transport Metal Affinity Membranes. International 
Journal of Biochromatography, 2, 125-131, 1996. 
Oxford, C. A. Taylor, R. R. Beitle, and M. R. Coleman, “Effect of Chelated Metal on Amino Acid Transport in 
Faciliated Transport Membranes Incorporating Metal Affinity, ACS Symposium on Chemistry and Material Sci 
ence of Synthetic Membranes, 1999. 

DESCRIPTION OF THE DRAWINGS 

The invention can be better understood with reference to 
the following detailed description together with the appended 
illustrative drawings in which like elements are numbered the 
Sale 

FIG.1 graphs different isotherm binding curves for baker's 
yeast RNA interacting with different metal charged IDA 
Chelating Sepharose matrix in 10 mM HEPES with 250 mM 
NaCl at pH 7.0. The metal ions charged were Cu (II), Ni(II), 
Zn (II), and Co (II), to show the different affinities of each 
metal chelate toward bakers yeast RNA; 

55 

60 

65 

FIG. 2 graphs equilibrium adsorption isotherms for bakers 
yeast RNA on Chelating Sepharose charged with various 
metals with 250 mM. NaCl in 20 mM HEPES at pH 7.0; 

FIG. 3 graphs isotherms of 20-mer homopolymer oligo 
nucleotides showing the different affinities of each base (A. 
G, C, and T) toward a Ni (II) charged IDA Chelating 
Sepharose matrix in 10 mM HEPES with 250 mMNaCl at pH 
7.0; 

FIG. 4 graphs equilibrium adsorption isotherms of 20-mer 
homopolymer oligodeoxynucleotides on Ni(II) charged 
Chelating Sepharose matrix with 250 mM NaCl in 20 mM 
HEPES at pH 7.0; 

FIG. 5 shows repeated Cu IDA stripping of RNA from 
plasmid. EtBr stained 1% agarose gel of Cu (II) charged 
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Chelating Sepharose matrix batch adsorption experiment of 
alkaline lysed E. coli with plasmid pBGS191uxwt. Lane 1 is 
the original lysate; Lane 2 is lysate contacted with non 
charged IDA matrix: Lane 3 is the unbound material after a 
single batch adsorption; Lane 4 is Lane 3 after exposure to 
fresh matrix, Lane 5 similarly is Lane 4 after exposure to fresh 
matrix and Lane 6 is Lane 5 after exposure to fresh matrix: 

FIG. 6 shows a plasmid separation on Cu (II) charged 
IMAC. The plasmid pCMV sport fgal was ran over a 20 mL 
Cu (II) charged IMAC column (1x15 cm Amicon FPLC col 
umn packed with Chelating Sepharose Fast Flow) in a 20 mM 
HEPES with 250 mM. NaCl at pH 7.0 running buffer (no 
gradient) at a flow rate of 2 mL/minute. The plasmid passed 
through the column with no hold-up while RNA and other 
damaged nucleic acids bind to the IMAC media and were 
retained on the column longer (isocratic separation). Nucleic 
acids were detected by gel electrophoresis and RNA was not 
visible on the 0.8 agarose gels; 

FIG. 7 shows a FPLC Chelating Sepharose separation of B 
ribozyme after compaction precipitation. The FPLC chro 
matogram traces the binding off ribozyme to a 2 mL HyTrap 
Chelating Sepharose Column (2 chelating Sepharose 1 mL 
columns in series) and the Subsequent elution. The ribozyme 
was loaded in column running buffer and a gradient was run 
from 0 to 1.5 M NHCl; 

FIG. 8 shows repeated Cu(II) IDA stripping of RNA from 
a plasmid DNA-containing alkaline lysate. Ethidium bromide 
stained 1% agarose gel of Cu(II)-charged Chelating 
Sepharose batch adsorption of E. coli alkaline lysate with 
plasmid pPGS191uxwt. 1 mL of an IPA-precipitated alkaline 
lysate resuspended in 1 mL IMAC running buffer was con 
tacted with 50 mL of Chelating Sepharose per batch experi 
ment. Lane 1 is the original lysate; Lane 2 is lysate contacted 
with metal-free IDA matrix; Lane 3 is the unbound material 
after a single batch adsorption with Cu(II)-charged matrix: 
and, each of Lanes 4-6 is the previous lane after exposure to 
fresh matrix; 

FIG. 9 shows (Top) FPLC chromatogram of an alkaline 
lysate containing pCMV sport bgal plasmid DNA run over a 
15 mL Cu(II)-charged Chelating Sepharose column. 
Approximately 30 mL of lysate containing 3.8 mg/mL of 
nucleic acid was passed over the column at 1.5 mL/min. 
(Bottom) 0.8% Egel (Invitrogen) stained with SYBR Gold to 
visualize each fraction from the FPLC run. The fractions on 
the upper plot correspond to the lanes in the gel below: 

FIG. 10 shows 2% agarose gel stained with SYBR Gold 
nucleic acid stain (Molecular Probes) of PCR product 
cleanup. Lane 1 is the 1 kb ladder; Lane 2 is PCR primers 
(forward and reverse) for the plasmid pCMV sport b gal 
(Gibco); Lane 3 is an PCR reaction amplifying an ~800 bp 
fragment of pCMV sport b gal; Lane 4 is the unpurified PCR 
product ran through a Ni(II) charged spin column; Lane 5 is 
the elution of the Ni(II) charged spin column from Lane 4 
(eluted with 500 mM imidazol in column running buffer); 
Lane 6 is the unpurified PCR product ran through a Cu (II) 
charged spin column; and Lane 7 is the elution of the Cu (II) 
charged spin column from Lane 6 (eluted with 500 mM 
imidazol in column running buffer); 

FIG. 11 shows PCR product cleanup by IMAC. Upper) 
1.5% agarose gel stained with SYBR Gold nucleic acid stain 
(Molecular Probes). Lane 1 is an overload (approx. 1300 ng) 
of TaqPCR reaction amplifying an 800 bp fragment of pCMV 
sport b gal; Lane 2 is a diluted loading (200 ng) of Lane 1: 
Lane 3 is overload (200 ng) PCR product mixture from Lane 
1 run through a Cu(II) charged spin column; Lane 4 is a 
diluted loading (30 ng) of Lane 3: Lane 5 is an overload of the 
elution of the Cu(II) charged spin column from Lane 3-4 with 
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500 mM imidazole with 250 mMNaCl in 20 mM HEPES at 
pH 7.0; and, Lane 6 is a 2-fold dilution loading of Lane 5. 
Lower) 1.5% agarose gel stained with SYBR Gold nucleic 
acid stain (Molecular Probes) the same as the upper panel 
except Pfu polymerase was used in the PCR reactions; 

FIG. 12 shows a HPLC chromatogram of 20-mer oligode 
oxynucleotide heteroduplexes bearing the internal mis 
matches T/C, G/T A/C, and A/G. The gradient was run over 
21 mL (at 1 mL/min) from 0 mM imidazole to 40 mMimi 
dazole in 20 mM HEPES with 250 mMNaCl on a 7 mmx7cm 
Toso Haas Metal Chelating HPLC column charged with 
Cu(II): 

FIGS. 13A&B depict preferred embodiments of an appa 
ratus of this invention; and 

FIG. 14 depicts another preferred embodiment of an appa 
ratus of this invention. 

Table A gives preferred ranges for some of the parameters 
of the inventions 

Definitions 

The term “binding to a IMAC ligand including an immo 
bilized metal atom and/or ion means interacting with the 
metal atom and/or ion via any chemical and/or physical 
mechanisms including, without limitation, hydrogen bond 
ing, coordinate bonding, apolar, ionic or covalent bonding, 
electrostatic interactions, ionic interactions, covalent interac 
tions, mixture or combinations thereof. 
The term “non-shielded” means that a purine and/or pyri 

midine groups are sufficiently exposed to be able to bind to 
metal atoms and/or ions immobilized in a matrix, i.e., an 
IMAC matrix. For example, RNA, co-enzyme A, denatured 
DNA are all examples of molecules that contain non-shielded 
purine or pyrimidine moieties or groups. On the other hand, 
duplex DNA or RNA are examples of shielded molecules 
containing purine or pyrimidine moieties or groups. Thus, the 
term non-shielded means a purine or pyrimidine moiety or 
group sufficiently exposed to be able to bind to a metal and/or 
ion in an IMAC matrix or ligand. 
The term “a purine' includes a single purine or a plurality 

of purines (one or more purines) with the upper limit bound 
only by the number of purines in the molecular components 
being analyzed, which can be between one and millions and 
millions. 
The term "a pyrimidine' includes a single pyrimidine or a 

plurality of pyrimidines (one or more pyrimidines) with the 
upper limit bound only by the number of purines in the 
molecular components being analyzed which can be between 
one and millions and millions. 
The term “or includes “and/or” as well as simply or. Thus, 

purine or pyrimidine means purine and/or pyrimidine. 
The term “IMAC matrix” means a molecular component 

including immobilized metal atoms and/or ions capable of 
binding non-shielded purines or pyrimidines. The matrix gen 
erally comprises a polymer having a ligand attached thereto, 
where the ligand is capable of immobilizing the metal atoms 
and/or ions. 
The term “ligand generally means a molecule having a 

site forbinding a metal atom orion. As used herein the ligands 
are generally chemically bonded to a Substrate so that the 
binding site can extend into a medium. The ligand, free or 
bound to a Substrate, is then brought in contact with a desired 
metal atom or ion or mixture of metal atoms and ions to form 
an immobilized metal atom or ion bearing (an IMAC) 
reagent. The IMAC reagent can then be used to interact with 
Solutions containing mixtures of compounds containing 
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shielded and non-shielded purines and/or pyrimidines to the 
purpose of separation, isolation, purification, quantitation, or 
the like. 

The term “IMAC ligand’ means a ligand immobilizing a 
metal atom, ion or mixture thereof, where the metal atom, ion 
or mixture thereof is capable of binding compounds including 
a non-shielded purine moiety, a non-shielded pyrimidine 
moiety or a mixture thereof. 

The term “COT” is used to describe the kinetics of hybrid 
ization between two nucleic strands in Solution and is defined 
by the product of nucleic acidx (time). Put simply, when the 
concentration of two complementary Strands in a solution is 
high, then it takes a shorter time for hybridization to occur 
than it does when one or both of the strands are present at a 
low concentration. 

DETAILED DESCRIPTION OF THE INVENTION 

The inventors have found that a compound containing a 
non-shielded purine or pyrimidine moiety or group Such as a 
single-stranded nucleic acid molecule, e.g., an oligonucle 
otide oran RNA molecule or a molecule including A, G, C, T 
or U. have affinity to an IMAC matrix; while a compound that 
does not contain a non-shielded purine or pyrimidine moiety 
or group or easily accessible aromatic nitrogen on a purine or 
pyrimidine moiety or group. Such as double-stranded DNA, 
RNA, RNA/DNA complexes, has little or no affinity to the 
same IMAC matrix. Thus, the inventors have demonstrated 
that the affinity of immobilized metals toward nucleic acid 
bases allows the use of IMAC in the separation of double 
strained nucleic acid polymers from single stranded nucleic 
acid polymers, the purification of plasmid DNA, RNA, and/or 
the removal of nucleotides and primers from PCR reactions. 

Although the present invention is primarily directed to 
nucleic acids (DNA and/or RNA), the present invention 
enjoys much broader application in the fields of biomolecule 
separation, purification, identification, quantitation, etc., 
where the target molecule includes a non-shielded purine 
and/or pyrimidine moieties or residue. Such biomolecules 
include, without limitation, AMP, ATP, GTP, CTP, NAD, 
Coenzyme A. Hypoxanthine, Xanthine, Orotic acid, Inosine, 
or any other biomolecule having a purine and/or pyrimidine 
moiety sufficiently exposed to permit binding to an IMAC 
reagent of this invention. 
The inventors found that purine-containing, single 

Stranded nucleic acid molecules, such as oligonucleotides or 
unstructured RNA molecules, can be selectively bound by 
IMAC matrices. The inventors assume that the binding may 
be similar to the binding of histidine, which is known to bind 
to IMAC matrices. The inventors found that soft metals avoid 
nonspecific interactions with backbone phosphates. (14-16) 
The inventors have found that the high, specific affinity of 
chelated soft metals for nucleic acid bases allows the use of 
IMAC in the purification of plasmid DNA and RNA, in the 
removal of contaminants and primers from PCR reaction 
products, and in the detection of mismatches in DNA hetero 
duplexes. 
The present invention broadly relates to an immobilized 

metal affinity chromatography (IMAC) column including an 
IMAC matrix including immobilized metal atoms and/or ions 
capable of binding compounds containing non-shielded 
purine and/or pyrimidine moieties or groups. The present 
invention also broadly relates to an immobilized metal affin 
ity chromatography (IMAC) instruments including an immo 
bilized metal affinity chromatography (IMAC) column or 
absorbent including a matrix having immobilized metal 
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16 
atoms or ions capable of binding compounds containing a 
non-shielded purine or pyrimidine moiety or group. 
The present invention also broadly relates to a method for 

separating different compounds containing a non-shielded 
purine or pyrimidine moiety or group by passing a solution 
containing the different compounds through an immobilized 
metal affinity chromatography (IMAC) column including a 
matrix having immobilized metal atoms or ions capable of 
binding compounds containing a non-shielded purine or pyri 
midine moiety or group and analyzing the effluent from the 
column as a function of time or over a given period of time. 
The present invention also broadly relates to a method for 

purifying a solution containing a major compound containing 
a non-shielded purine or pyrimidine moiety or group and a 
minor compound containing a non-shielded purine or pyri 
midine moiety or group by passing the Solution through an 
immobilized metal affinity chromatography (IMAC) column 
including a matrix having immobilized metal atoms or ions 
capable of binding compounds containing a non-shielded 
purine or pyrimidine moiety or group and analyzing the efflu 
ent from the column as a function of time or over a given 
period of time. The column can include metal atoms or ions 
that have a higher or lower binding affinity for the major 
verses the minor compound and separation will results, pro 
vided that the binding affinities are indeed different. 
The present invention also broadly relates to a method for 

purifying a solution containing a compound that does not 
contain a non-shielded purine or pyrimidine moiety or group 
and a compound that does contain a non-shielded purine or 
pyrimidine moiety or group by passing the solution through 
an immobilized metal affinity chromatography (IMAC) col 
umn or absorbent including a matrix having immobilized 
metal atoms or ions capable of binding compounds contain 
ing a non-shielded purine or pyrimidine moiety or group and 
analyzing the effluent from the column as a function of time 
or over a given period of time. 
The present invention also provides a method for removing 

fluorophore tagged nucleotides or nucleosides from a solu 
tion involving passing the solution through an IMAC column 
capable of either binding to nitrogen atoms of a base residue 
in the nucleotides or nucleoside, binding to atoms and/or 
functional groups of the fluorophores or both and removing 
all non-bound materials from the column. Thus, fluorophore 
labeled nucleotides or oligonucleotides can be removed from 
the solution. 
The present invention also provides a separation technique 

involving a compound column including an IMAC Zone and 
another separation Zone. Because the IMAC technique is 
relatively insensitive to the ionic strength of a solution, an 
IMAC Zone can be used to bind compounds including non 
shielded purine or pyrimidine moieties or groups such as 
RNA and other single stranded nucleic acids followed or 
preceded by a Zone designed to affect a separation of the other 
constituents of the solution based on the other constituents 
interaction with the stationary material of the other constitu 
ents. Thus, an upper disk, region or Zone of a column having 
a IMAC region will bind the compounds having a non 
shielded purine or pyrimidine moiety or group pulling them 
out of Solution before a second section, region or Zone of 
column having a different stationary phase Such as an anion 
exchange material or HIC material. This type of compound 
column can be made using monolith technology and running 
a small amount of IMAC ligand onto an activated column and 
then flooding the rest of the column with one or more addi 
tional ligands, quenchers or stationary phases. 
The present invention also relates to IMAC pre-filters for 

purifying solution containing large quantities of plasmid. 
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Thus, a short column coated with an IMAC coating to the 
present invention is used to bind and remove RNA and other 
contaminants bindable by IMAC (e.g., on a sample loading 
loop) before performing more complete purification on large 
anion exchange columns, HIC, size exclusion or some other 
type of column. 

The present invention also relates to a plasmid separation 
technique using membranes coated with or impregnated with 
an IMAC matrix which filter or prevent free RNA or mol 
ecules containing non-shielded purines or pyrimidines from 
migrating to the other side of the membrane structure. 
The present invention also relates to a magnetic object Such 

as a bead, stirring rod, or the like either coated with an IMAC 
ligand or where the object has a porous outer Surface to which 
an IMAC ligand has been bonded to, deposited thereon or 
therein. The present invention also relates to the use of these 
magnetic objects to batch-wise purify samples containing 
target single stranded nucleic acid sequences such as RNAS, 
oligonucleotides, or the like where the single stranded nucleic 
acid sequences bind to the magnetic object, which can then be 
removed from the Solution, washed free of contaminates and 
eluted to recover the single Stranded nucleic acid sequences. 
Alternatively, the magnetic IMAC objects can be used to 
purify double stranded nucleic acid sequences by removing 
contaminating single Stranded nucleic acid sequence, e.g., 
purifying plasmids or the like. 
The present invention also relates to metal beads coated 

with a composition including an IMAC ligand to batch bind 
RNA, single stranded DNA, single stranded oligonucleotides 
or oligonucleosides or the like from a solution containing 
double stranded DNA such as plasmids to clarify the solution, 
where the bead can be separated from the solution via mag 
netS. 

The present invention also relates to an assay using IMAC 
matrices deposited in wells of microplates or included in a 
medium comprising the wells of the microplate and then 
binding a single stranded oligonucleotide having a fluores 
cent tag to the matrix. The IMAC matrix either contains a 
quencher in close proximity to the metal binding sites or uses 
the substrate upon which the IMAC is coated as a fluorescent 
quencher. When a complimentary sequence is added to a well 
containing the fluorescent tagged oligonucleotide, the two 
pair. The paired sequence is released and the tag fluoresces. 
This assay represents an inexpensive route to the construction 
of DNA chip analogs without all of the currently needed fancy 
lasers, Scanners, and fluidics systems. 
The present invention also relates to an assay using IMAC 

matrices deposited in wells of microplates or medium added 
to the wells of the microplate or medium added to the wells of 
the microplate and then binding a single-stranded oligonucle 
otide having a first tag to the matrix. The IMAC matrix either 
contains a second tag in close proximity to the metal binding 
sites or associated with the substrate upon which the IMAC is 
coated acts, where the tags interact to produce a fluorescent 
pair. When a complimentary sequence is added to a well 
containing the fluorescent tagged oligonucleotide, the two 
pair. The paired sequence is released and the fluorescence 
stops. 
When using a matrix, the bound single-stranded fluoro 

phore is physically obstructed from the light path. When a 
complementary sequence is added, the fluorophore goes into 
Solution where it is exposed to light and fluoresces. 
The present invention also relates to an assay using Sub 

strates coated with IMAC so that a separate fluorophore is 
placed in the wells to create a large stoke shift when the 
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fluorescent tagged oligonucleotide is bound and a normal 
fluorescent stoke shift when the oligonucleotide is not bound 
to the IMAC ligand. 
The present invention also provides a method for separat 

ing poly(A)tailed mRNA from eukaryotic cells including the 
step of passing a solution comprising eukaryotic cell mRNA 
through an IMAC column including an IMAC matrix or pass 
ing the Solution over an IMAC matrix or contacting the solu 
tion with magnets coated IMAC particles and separating poly 
(A)tailed mRNA from other mRNA, where the poly(A)tailed 
mRNA elutes from the IMAC matrix last because the poly(A) 
tail has a higher affinity for IMAC matrix the poly(A)tails 
are usually 50-200 bases long. 
The present invention also relates to a method for separat 

ing denatured nucleic acid sequences having A rich regions 
from the complementary strand having Trich regions. 
The present invention also relates to a method for separat 

ing denatured nucleic acid sequences having Crich regions 
from the complementary strand having G rich regions. 
The present invention also relates to a method for separat 

ing denatured nucleic acid sequences having A-G or A-C rich 
regions from the complementary T-C or T-G rich regions. 
The present invention also relates to IMAC ligand or matri 

ces deposited on capillary walls or in Solution (e.g., IMAC 
ligands or matrices bonded to, associated with or deposited on 
PEG or dendrimer), where the IMAC ligand or matrix would 
alter the retention times of compounds having non-shielded 
purine and/or pyrimidine moieties in capillary electrophore 
sis. The present invention also relates to IMAC ligand or 
matrices deposited on a surface or in a gel, where the IMAC 
ligand or matrix alters retention times of compounds having 
non-shielded purine and/or pyrimidine moieties in the gel or 
on the Surface, e.g., slab gel electrophoresis. In each case, 
unhybridized single strands, or duplexes bearing mismatches, 
or duplexes bearing overhangs, or partially single-stranded 
molecules have longer retention times are retained more. This 
process can also be performed in an on-off fashion (bound, 
unbound in a single theoretical plate), e.g., in a microtiter well 
or on IMAC beads. 
The present invention also relates to improving mass spec 

trometry analysis of complex nucleic acid mixtures by adding 
a composition including an IMAC compound or matrix 
capable of binging compounds having non-shielded purine or 
pyrimidine moieties or groups. After binding, the shielded 
molecules would have their normal mass to charge responses, 
but the molecules bindable to the IMAC ligand would have a 
mass to charge ratio based on the base molecule and number 
of IMAC ligands associated with the molecule. Additionally, 
if the IMAC MS fragmentation pattern is known, the bound 
materials fragmentation pattern can be easily extracted. 
The present invention also relates to a fluorophore-bear 

ing-IMAC-functionality molecule used for hybridization 
and/or mismatch detection using polarization or quenching/ 
enhancement, also by retention, partitioning, precipitability, 
non-dialyzability. 

Several of these applications will work best with tempera 
ture gradients or at elevated temperatures, or in the presence 
of denaturants or competitive elutants. 
The present invention also relates to the use of IMAC 

ligands or matrices in the purification of cellular or viral RNA 
and non-natural RNA analogs, especially peptide nucleic 
acids and modified forms used as aptamers. The present 
inventions also relates of the use of IMAC in conjunction with 
many of the DNA applications of hydroxyapatite, e.g., COT 
curves for complexity of a DNA sample, or genome and for 
enriching sequences of interest by Subtractive hybridization. 
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The present invention also relates to cell type recognition, 
differentiation and identification by separating duplexed 
nucleic acid sequences from non-duplexed sequences where 
one set of sequences comprises the mRNA of one cell type 
and the other set of sequences are complementary mRNA or 
cDNA derived from the mRNA of a second cell type. Thus, 
the mRNA form one cell type can be hybridized with the 
complementary mRNA or cDNA of the second cell type. The 
solution is then separated over an IMAC substrate where the 
IMAC substrate would bind non-paired mRNAs and/or mis 
matched paired molecules. The bound material can then be 
extracted from the IMAC substrate and tested to determine 
specific differences between the mRNAs of each cell line. 
This technique can be used to determine cite mutations in 
cancer versus non-cancer cell lines or wild-type Versus 
mutant cell lines. Alternatively, the technique can be used to 
look for homologous sequences across species where nucleic 
acid sequences (mRNA, chopped DNA, or denatured DNA) 
from one species are mixed with complementary nucleic acid 
sequences of the same type from another species. Separating 
all hybridized or partially hybridized material from all single 
Stranded material and analyzing the hybridized material. 
Once separated, the nucleic acid sequence of interest can be 
increased enriched for cloning and/or sequencing, chelated 
metal-based nucleic acid stains and dyes, e.g., for identifica 
tion of dead (permeable) cells or unhybridized spots in arrays 
(still single-stranded)chelated-metal-based precipitants. 
The present invention also relates to nucleic acid affinity 

precipitation using composition having two or more metal 
chelating agents binding metals capable of binding com 
pounds having non-shielded purine or pyrimidine moieties or 
groups. Such compositions can be used to bulk precipitate 
RNA, single stranded DNA or other molecules having non 
shielded purine or pyrimidine moieties or groups. The com 
positions can include those composition disclosed in U.S. Pat. 
Nos. 5,310,648 and 5,283,339, incorporated herein by refer 
ence. Additionally, the composition can be any soluble oligo 
meric or polymeric material that includes chelating groups 
capable of chelating metals with affinities for compounds 
having purine or pyrimidine moieties or groups. 

Additionally, the backbone or spacer groups can be labile 
(designed to be chemically and/or physically removable) to 
Such processes as a redox reaction (redox-cleavable) or pho 
tochemically labile to facilitate re-solubilization of the pre 
cipitated material. Moreover, functionalized dendrimers hav 
ing metal chelating groups are acceptable compositions. 
The present invention also related to IMAC chelating 

agents having multiple chelating agents so that multiple met 
als can be bound to the IMAC matrix. These multimetal 
IMAC matrices can be used to perform separations or assays 
based on IMAC affinity for nucleic acids in the presence of a 
competitive ligand. Such as histidine, etc. to reduce non 
specific binding. 
The present invention also relates to denaturing IMAC 

chromatography of nucleic acid sequences using chemical 
gradient and/or temperature gradient and/or other denaturing 
environments so that the method would separate nucleic acid 
sequence based on their denaturing characteristic which 
would allow them to bind to the IMAC ligands in the station 
ary phase. 
The present invention also relates to elution with adenos 

ine, ATP AMP, GTP or with elution in displacement-chroma 
tography. 

The present invention also relates to a method for purifying 
composition having a non-shielded purine orpyrimidine moi 
ety or group from a crude mixture of materials. This method 
would be especially useful in the purification of AIDS drugs 
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such as AZT, DDI or the like. The method would also be 
especially useful in the purification of ribavirin, riboflavin, 
acyclovir, inosine, S-adenosyl methionine or other natural 
products or pharmaceuticals that include a non-shielded 
purine or pyrimidine moiety or group. 
The present invention can also be used to strip out nucle 

otide and/or nucleosides and/or nucleic acid sequences from 
lysates or other composition containing protein and nucleic 
acid sequences and monomers to derive foodstuffs for animal 
including human consumption using IMAC ligands or matri 
ces. In addition, the Stripping step can be preceded by treating 
the lysates or other protein rich compositions with nucleases 
or ribonucleases to convert large nucleic acid sequence to 
Smaller nucleic acid sequences or monomers. Once the nucle 
otide or nucleosides or nucleic acids have been recovered 
from the IMAC ligands or matrices, the nucleotide or nucleo 
sides or nucleic acids can be separated and purified to provide 
a large scale Source of nucleotide or nucleosides or nucleic 
acids. 
The present invention also relates to a purification method 

for nucleic acids involving Subjecting a mixture of nucleic 
acids of a DNase and separating the resulting fragments. 
The present invention also relates to an IMAC column 

having a /2 Copper (II) ions or a similar ion that binds aro 
matic nitrogen, imidazol groups and /2 with anion like Ti(III) 
or Cr(II) that prefers ketogroups. Using Such mixed metal 
IMAC columns one can achieve higher affinity for contami 
nants (e.g., RNA in plasmid DNA) or improve selectivity. 
The present invention relates to Substrates having depos 

ited thereon or therein IMAC ligands or derivatives IMAC 
ligands, where the derivatization allows the IMAC ligand to 
bond to reactive groups on the substrate surface or within the 
substrate. 
The present invention also relates to methods of separating 

using an IMAC ligand containing solid material in a fluidized 
bed configuration, where a solution is force through the mate 
rial in an upflow condition resulting in fluidization of the 
material and the material of interest binds to the material or 
the contaminants bind to the material. The material of interest 
or contaminant can then be released from the material using a 
displacement agent. 
The present invention also relates to separating a library of 

single-stranded nucleic acid sequence having a poly A leader 
or trailer from their complimentary sequences where the 
sequences where derived from a plasmid which has under 
gone random mutations in a tissue culture. 
An additional preferred embodiment of the IMAC device is 

the use of mixtures of metal ions to vary affinity for 
unshielded purines and pyrimidines. These mixtures could be 
used to vary affinity for specific sequences since certain met 
als have high affinity for purines and others have high affinity 
for pyrimidines. These mixtures could result in a Superior 
device for many of the examples stated here-in. 
The present invention also relates the separation of PNA 

(Peptide nucleic acids (PNA) are DNA mimics with a 
pseudopeptide backbone. PNA is an extremely good struc 
tural mimic of DNA (or RNA), and PNA oligomers are able to 
form very stable duplex structures with Watson-Crick 
complementary DNA, RNA (or PNA) oligomers, and they 
can also bind to targets in duplex DNA by helix invasion.) via 
a polypurine (or polypyrimidine tail) since PNA is not 
degradable by nucleases, a deoxyribose tail could be used as 
a tag that would bind an IMAC resin selectively with a high 
affinity. Then after separation the tail could be destroyed by 
nuclease digestion using DNASe immobilized to a solid Sup 
port or just DNA. It would be fairly simple to separate the 
PNA from the bases left behind. 
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The present invention also relates to Substrates including a 
concentration gradient of IMAC ligands bonded thereto, 
where the gradient extends for a profile of the substrate such 
as from a front edge of the substrate to a back edge of the 
substrate, with slices of the substrate at right angle to the 
gradient has a constant IMAC ligand concentration. The Sub 
strate can be a gel on a gel plate or a column Substrate or any 
other Substrate commonly used in gradient gel separations or 
other similar analytical separation techniques. 
The present invention also relates to the use the gradient 

IMAC ligand Substrates to separation and/or focus mixtures 
of nucleic acid sequences, compounds having a non-shielded 
purine, a non-shielded pyrimidine, or mixtures thereof, of the 
like. 
The present invention also relates to imprinting on a Sur 

face an IMAC ligand or a substrate having an IMAC ligand 
bonded thereto for the construction of a patterned surface 
having IMAC ligand regions and IMAC ligand free regions. 
The Substrate can be a chip and the IMAC ligand regions can 
be treated with a probe so that probe association with nucleic 
acid sequences including a complimentary probe Subse 
quence can be directly identified by a change in the electrical 
properties of the circuit on the chip below an IMAC ligand 
region from which its probe has been release due to interac 
tion with its complimentary Subsequence. 

The present invention also relates to the purification of 
oligonucleotides prepared using the Merrifield solid phase 
oligomerization technique. 
The present invention also relates gradient HPLC methods 

for purifying complex mixtures of solutions containing com 
pounds including a non-shielded purine, a non-shielded pyri 
midine, or mixtures thereof and compounds including a 
shielded purine, a shielded pyrimidine, or mixtures thereof. 

Suitable IMAC ligands for use in this invention include, 
without limitation, any molecule having a molecular moiety 
or group capable of coordinating or chelating a metal atom or 
ions. One preferred type of IMAC ligand comprise molecules 
having a linear or branched carbohydryl group (carbon-con 
taining group) and a head group capable of binding a metal 
atom or ion having the formula Z-R, where Z is a group 
capable to binding a metal atom or ion and R is a linear or 
branched carbohydryl group having between about 1 and 
about 50 carbonatoms or more or CH(R')CHOCH(R')CHI, 
where R is H or methyl and n is chosen so that the compound 
has a molecular weight prior to metallation between about 
1500 to about 20,000. Other preferred type of IMAC ligand 
comprises molecules including a head group, a linking group 
and a tail group represented by the formula Z-R-Z, where Z 
is a head group capable of immobilizing a metal atom or ion, 
R is as described above, and Z is a tail group. The tail or Z. 
group can be the same of Zora group designed to chemically 
bound to a substrate so that the head group, Z, is tethered from 
the substrate by the linking group R. Such substrate reactive 
Z" groups include, without limitation, OH, COOH, COOR", 
SH, or other groups capable or reacting with a Substrate Such 
as Sepharose, agarose, polyacrylamide, or similar substrates, 
where R" is the same or different from R, but shares the same 
definition. Again, R can have from 1 to 50 carbon atoms or 
more. R can be an alkyl group, an alkenyl group, an alkynyl 
group, an aryl group, an alkaryl group, an aralkyl group, a 
group where one or more carbonatoms from been replaced by 
a hetero atom such as N, O, P, S, Si or the like. The head or Z 
groups can include, without limitation, (a) 
N(CHCOOH); (b) - NHCHCH-NHCHCH-NH. (c) 

—NHCHCHN(CHCH-NH); (d) 
NHCHCHCH-NHCHCH-NHCHCHCH-NH. (e) 
NHCHCH-NHCHCH-NHCHCH-NH (f) NHCH 
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(X)COOH (D- or L-amino acids); (g) - N(CHCOOH)CH 
(X)COOHD- or L-N-(carboxymethyl)amino acids, where 
X in fand g is H, CH, CH(CH), CHCH(CH), CH(CH) 
CHCH, CHCH-SCH, CH-OH, CH(OH)CH, CH, SH: 
CHCOOH, CHCONH, CHCHCOOH, 
CHCHCONH. (CH)4NH. (CH)NHC(NH2): (h) 
NHC(O)CHN(CHCOOH)CHCHN(CHCOOH): (i) 
NHC(O)CHN(CHCOOH)CHCHN(CHCOOH) 

CHCHN(CHCOOH): (i) N(CHCOOH)CHCHN 
(CHCOOH). (k) - YNHCHCHN(CHCH-NH); (1) 
YNHCHCHCH-NHCHCH-NHCHCHCH-NH. (m) 
YNHCHCH-NHCHCH-NHCHCH-NH; (n) 

- YOCHCHN(CHCOOH)CHCHN(CHCOOH); (o) 
- YOCHICHN(CHCOOH), wherein Y in PEG- and 
PPG-based compounds is NHC(O)CH, CH, C(O) and in 
other compounds it is C(O) only. The ligands also include 
those ligands described in U.S. Pat. Nos: 5,310,648 and 
5.283.339, incorporated herein by reference, and any soluble 
oligomeric or polymeric material that includes chelating 
groups capable ofchelating metals atoms or their correspond 
ing ions having an affinity for compounds having a non 
shielded purine or pyrimidine moieties or groups, or mixtures 
or combination thereof. 

Particularly preferred head groups include, without limita 
tions, IDA, iminodiacetic acid, ( N(CHCOOH), NTA, 
nitrilotriacetic acid, (-CH(COOH)N(CHCOOH)), or 
other amine-carboxylic acid chelating groups. 

Suitable IMAC metal atoms or ions for use in this invention 
include, without limitation, any metal atom or its correspond 
ing ions from the Periodic Table of Elements capable of 
binding to a compound containing a non-shielded purine or 
pyrimidine moiety or group. Preferred metal ions include, 
without limitation, Cu, Zn, Ni, Fe, Fe, Co, Sct, 
Ti", V", Cr, Mn, Ca", Cd" or Hg" or mixtures or 
combinations thereof. Particularly preferred metal ions 
include Cu, Zn, Ni, Fe", or Co" or mixtures or com 
binations thereof. More particularly preferred metal ions 
include Cu" or Ni" or mixtures or combinations thereof. For 
metal ions, the preferred complexes for attaining the desired 
ion includes, without limitation, any metal salt that is soluble 
in the metal charging buffers having a counterion that does 
not adversely affect the IMAC ligand or the substrate to which 
the ligand is bound. Preferred metal salts include metal 
halides such as metal fluorides, metal chlorides, metal bro 
mides, or metal iodides or mixture thereof, metal carboxy 
lates, metal carbonates or bicarbonates, metal nitrates, metal 
phosphates, metal Sulfates, metal oxychlorides, metal or 
similar metal complexes. Particularly preferred metal com 
plexes are the metal chlorides. 

Suitable substrate upon which the IMAC ligands can be 
bonded to, attached to or associated with include, without 
limitation, non-capillary columns, capillary columns, gels, 
chip Surfaces, microplate surfaces, large pore Zeolites, 
mordenites, fugucites or the like, porous foams, porous resin, 
polymer beads including macroreticular beads, Surfaces of 
non-porous monolithic structures such as inorganic mono 
lithic structures used in catalytic converts or polymeric struc 
tures such as epoxide resins including CIM monoliths made 
by BIA Separations of Ljubljana, Slovenia, or the like. 

Suitable polymer substrates for IMAC ligand functional 
ization, include, without limitation, Sepharose, chemically 
and/or physically modified Sepharose, agarose, chemically 
and/or physically modified agarose, other polymeric Sugars 
or chemically and/or physically modified versions thereof, 
cellulose, chemically and/or physically modified cellulose, 
polyolefins, chemically and/or physically modified polyole 
fins, polydienes, chemically and/or physically modified 
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derivative polydienes, polyurethanes, chemically and/or 
physically modified polyurethanes, polypeptides, chemically 
and/or physically modified polypeptides, polyamides, chemi 
cally and/or physically modified polyimides, polyalkyle 
neoxides, chemically and/or physically modified polyalkyle 
neoxides such as polyethyleneglycols, chemically and/or 
physically modified polyethyleneglycols, silicones, elas 
tomers, thermoplastics, thermoplastic elastomers, or any 
other polymeric substrate. 

Suitable membranes include, without limitation, imperme 
able membranes, permeable membranes or semi-permeable 
membranes or chemically or physically modified mem 
branes. 

Suitable inorganic Supports include, without limitation, 
silicas, silicates, aluminas, silca-aluminas, Zeolites, morden 
ties, fugasites, aluminates, clays, monoliths, honeycombed 
monoliths, or any other inorganic Support or chemically or 
physically modified Supports. 

Suitable metallic Supports include, without limitation, any 
metal Such as gold, gold alloys, platinum, platinum alloys, 
silver, silver alloys, iron, iron alloys Such any steel, copper, 
copper alloys such as brass or bronze, tin and tin alloys, 
aluminum and aluminum alloys, silicon and silicon alloys, 
other semiconductors, or the like or chemically or physically 
modified metallic Supports. 

Suitable electronic chip include, without limitation, any 
electronic devices having a surface capable of being chemi 
cally functionalized. 

Suitable chemical and physical modification processes 
includes, without limitation, chemical functionalization with 
reactive chemical agents, ion and/or atom bombardment and/ 
or implantation, reactive extrusion, chemical etching, chemi 
cal deposition, or any other chemical or physical modification 
that permits IMAC ligands to be bounded to a substrate. 

DETAILED DESCRIPTION OF EXPERIMENTS 
OF THIS INVENTION 

Protocols for Nucleic Acid Separation 

Spin Column Separation Technique 
One preferred method for practicing this invention is the 

so-called Spin Column Separation technique. This technique 
is useful for PCR product separation using nickel charged 
columns and possibly for plasmid mini-preps using copper 
charged columns. The techniques uses the following materi 
als: (o) Chelating Sepharose Fast Flow, Amersham Pharma 
cia Biotech; (p) Snap on spin columns for microcentrifuge 
tubes from Promega; (q) Imidazol; (r) Ammonium Chloride; 
(s) Sodium Chloride; (t) HEPES; and (u) a metal ion source 
Such as CuCl2, NiCl2, and ZnCl2. 
Spin Columns Preparation 

This section describes the general procedure for preparing 
spin columns for Subsequent use. 

Promega mini-prep microfuge Snap-on columns with 
Chelating Sepharose media from Pharmacia biotech were 
used. Load media in 70% EtOH was directed onto the mini 
columns. Generally, 50 uL of load media was used per col 
umn; however, the amount of load medium can be reduced 
based on amount of nucleic acid in Samples. The columns 
were then spun for ~1 minute at maximum speed in a micro 
centrifuge. Two 150 uL volumes of water were used to wash 
the columns. Two 150 uL Volumes of a solution of 50 mM 
X'C1' in DI water was used to metallate the columns. The 
metallated columns were then washed with two 150 uL Vol 
umes of IMAC running buffer (250 mM. NaCl, 20 mM 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

24 
HEPES at pH 7.0). At this point, the column are charged and 
ready to bind nucleic acids. The columns are then switched to 
clean microcentrifuge tubes for Subsequent use. 
Spin Column Binding 

This section describes the general procedure for binding 
materials of interest to spin columns prepared as described 
above. 

For lysate samples, the lysate is resuspended in IMAC 
running buffer and loaded directly onto the IMAC spin col 
umn. The columnis then spun for about 1 minute at maximum 
speed in a microcentrifuge. For samples from DNA and/or 
RNA sequencer or PCR reactions or other sequencing proto 
cols, the sample or reaction product is loaded directly onto a 
metal charged spin column, preferably a nickel charged spin 
column and centrifuge. The primers and bases bind to the spin 
column and the purified sequencing product passes through 
the column and can be recovered from the Supernatant in the 
microfuge tube. For plasmid purification, the sample is 
loaded directly on to a metal charged spin column, preferably 
a copper charged spin column and centrifuge. In the case of 
plasmid DNA, the RNA and other contaminants bind to the 
spin column and the clarified plasmid can be recovered from 
the Supernatant in the microfuge tube. The spin columns can 
then be eluted with EDTA and recharged or reuse. 
Spin Column Elution 

This section describes the general procedure used to elute 
a used spin column for recharging and reuse. 

Generally, elution is accomplished by added 150 uL of an 
elution buffer to the spin column in the microfuge tube and 
centrifuging the column for ~ 1 minute at maximum speed on 
an Eppendorf microcentrifuge. There are several elutants that 
can be used including, without limitation; imidazole, ammo 
nium chloride, histidine, etc. The choice of elutant will gen 
erally depend on the type of IMAC separation that was used. 
The elutant should be compatible with IMAC separations. 
The overall preferred elutant is imidazole. The elutant buffer 
generally is a 200 mM imidazole IMAC running buffer. The 
elution results in a pH shift from a pH 7 for the running buffer 
to a pH 3.5 for the elution buffer. An EDTA solution can also 
be used to strip the metal ions from the matrix. 
The choice of metal used to charge the spin columns 

depends on the application. Generally, Cut" charged spin 
column have the highest loading capacity, but is known to 
strongly bind even one exposed histidine in proteins. The 
inventors have confirmed that Cu" also strongly binds bio 
molecules having even a single non-shielded purine or pyri 
midine moiety. Thus, Cui" may not be the metal of choice in 
separation applications—shows reduced discrimination 
between different molecules, but may be the metal of choice 
in purification applications designed to remove either double 
Stranded nucleic acid sequences from single stranded impu 
rities or vis-a-versa. On the other hand, Ni" and Zn" show 
modest binding capacities, but are known to bind proteins 
with two or more adjacent exposed histidines. Thus, Ni" and 
Zn" may represent the metals of choice in separation appli 
cations—show increased discrimination between different 
molecules, but may be less desirably in purification applica 
tions. 

In this invention, spin columns were loaded with Cui", 
Ni" and Zn" capacities of 6,4, and 1 mg/mL matrix, respec 
tively. There are relationships between selectivity and loading 
capacity that appear to affect separation and binding efficien 
cies as described more fully herein and are apparent from the 
data and allow for the formulation of separation protocols and 
methods for different systems. 



US 7,598,371 B2 
25 

Batch Binding 
Another preferred method for practicing this invention is 

the so-called Batch Binding technique described below. 
Media Preparation 

Chelating Sepharose Fast Flow adsorbent (Amersham 
Pharmacia Biotech) was charged before isotherms were run. 
The Sepharose Matrix was pippeted into a 2.2 mL microcen 
trifuge tube and centrifuged at maximum speed in an Eppen 
dorf microcentrifuge. After centrifugation, the Supernatant 
was removed by decantation. Next, 0.5 mL of distilled water 
was added, Vortexed, and decanted. This buffer wash was 
repeated 3 times. Next, 1 mL of a 50 mM solution of CuCl, 
CoCl2, ZnCl2 or NiCl, was added to the tube, Vortexed, 
centrifuged, and decanted. This charging step was repeated 3 
times to insure complete loading of the matrix. Next, the 
charged media was washed with IMAC binding buffer (20 
mM HEPES containing 250 mM. NaCl at pH 7.0), this wash 
was repeated twice. Finally, /2 of the matrix volume of IMAC 
buffer was added to the tube to make a slurry. 
Binding 

Binding is performed by adding slurried IMAC matrix, as 
prepared above, directly to a sample in an appropriate buffer. 
Although any buffer can be used, preferred appropriate buff 
ers include any buffer that does not cause precipitates to form 
or cause lose of metalions bound to the IMAC matrix. There 
fore, the buffer preferably should not contain EDTA or a 
similar soluble metal chelating agent. The sample to which 
the slurried IMAC matrices can be added include, without 
limitation, PCR products, Sanger Sequencing reaction prod 
ucts, cell lysates, impure plasmid products, impure pharma 
ceuticals, impure RNA products, impure RNA-enzymes, or 
any other product including impurities having paired purines 
and/or pyrimidines or impurities having non-shielded purine 
and/or pyrimidines. The sample to which the slurried IMAC 
matrix has been added, can then be agitated if necessary and 
centrifuged after a sufficient time for binding. 
Elution 
Once binding is completed, elution can be performed in a 

manner similar to the elution step described in the spin col 
umn elution section above. The elution buffer can be chosen 
to fit the needs of the separation. Generally, to elute, the 
elution buffer is added to the recovered IMAC matrix from the 
binding section above. The solution can then be agitated or 
Vortexed and centrifuged and the Supernatant removed by 
decantation. The process can be repeated several time to 
ensure complete elution. 
Plasmid DNA Separations. Using IMAC 

Another preferred method for practicing this invention is in 
the purification of plasmid DNA. This method generally 
entails the use of the following additional materials: (1) an 
FPLC System or similar fast flow preparative liquid chroma 
tography system and (2) an HPLC column, where the column 
is either prepacked or packed before use with a substrate 
having IMAC ligands attached thereto Such as a chelating 
Sepharose Substrate, a chelating agarose Substrate, a chelat 
ing polyacrylamide Substrate, or other similar Substrates 
modified with an IMAC ligand. 
Plasmid Lysate Clarification: 

Plasmid lysates were clarified by column chromatography 
using an FPLC system, such as FPLC systems available from 
Amersham Pharmacia Biotech. Two. 1 mL HyTrap chelating 
columns connected in series were used to separate/purify a 
sample containing pCMV Sport b gal plasmid DNA (Gibco 
BRL, 7.9 kb) and cell lysate impurities. The plasmid samples 
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were prepared by Solution-phase compaction precipitation as 
described in Murphy, et. Al. Nature Biotech. August 1999, 
incorporated herein by reference. 
The HyTrap columns were first equilibrated with 10 col 

umn volumes of deionized H2O, followed by a 50 mM 
M*C1 solution, where M* is a metalion, preferably, Cui", 
Zn", Ni", Fe", Fe?", Co?", Ca", Cd?" or Hg" or mixtures 
or combinations thereof. The inventor found that the pre 
ferred metalion for plasmid lysate clarification was Cu". The 
Cu" solution was continuously applied to the column until 
complete saturation was observed by 254 nm ABS measure 
ment. Next, the columns were washed with 2 volumes of 
deionized water followed by equilibration with 10 column 
volumes of 10 mM HEPES, 250 mM. NaCl, which is the 
preferred column running buffer. Plasmid samples were 
loaded directly onto the column. The column effluent con 
taining the purified plasmid DNA was collected in plastic 
fraction tubes. After separation, columns were regenerated by 
first running 10 mM EDTA over the column, then a solution 
of 1 N NaOH and then 3 MNaCl. 
The plasmid samples used in these examples were pre 

pared using the Solution-phase compaction precipitation 
method, which produces a lysate having >95% plasmid DNA 
and relatively low endotoxin levels. However, the present 
method of plasmid DNA purification can be used for any 
impure plasmid sample regardless of its manner of prepara 
tion. 

RNA Separation Using IMAC 
Another preferred method of this invention is the separa 

tion/purification of RNA. This technique also generally 
entails the use of the following additional materials: (1) an 
FPLC System or similar fast flow preparative liquid chroma 
tography system and (2) an HPLC column, where the column 
is either prepacked or packed before use with a substrate 
having IMAC ligands attached thereto Such as a chelating 
Sepharose Substrate, a chelating agarose Substrate, a chelat 
ing polyacrylamide Substrate, or other similar Substrates 
modified with an IMAC ligand. Preferably, HyTrap Chelating 
Sepharose columns from Pharmacia or Amicon columns 
packed with Chelating Sepharose Flow having an aspect ratio 
of 10 are used for RNA separation/purification. 
RNA Separation 
RNA was purified by column chromatography using an 

FPLC system such as the FPLC systems available from Amer 
sham Pharmacia Biotech. Two. 1 mL HyTrap chelating col 
umns connected in series were used to separate/purify 
samples including a b ribozyme, an E. coli expressed 
ribozyme having 83 bases, and cell lysate impurities. 
The HyTrap columns were first equilibrated with 10 col 

umn volumes of deionized H2O, followed by a 50 mM 
M*C1 solution, where M* is a metalion, preferably, Cu", 
Zn, Ni, Fe", Fe, Co, Ca", Cd" or Hg" or mixtures 
or combinations thereof. As with plasmid samples, the inven 
tors found that the preferred metal ion for RNA lysate clari 
fication was also Cu". The Cut solution was continuously 
applied to the columns until complete Saturation was 
observed—appearance of metalions in the column effluent as 
measured using ABS measurement as 254 nm. The columns 
were washed with 2 volumes of deionized water and equili 
brated with 10 column volumes of 10 mM HEPES, 250 mM 
NaCl, the preferred column running buffer. 

Next, an RNA sample was loaded onto the column. Sepa 
ration/purification was achieved by running a buffer gradient, 
where the gradient was column running buffer with 0 to 2 M 
NHCl therein. The ribozyme was eluted over this range of 
the NHCl gradient and collected in plastic fraction tubes. 
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After separation, columns were regenerated by first running 
10 mM EDTA over the column, then a solution of 1 N NaOH 
and then 3 MNaCl. 
The present invention is also applicable to the separation, 

purification and/or isolation of other types of RNA such as 
tRNA, mRNA, ribosomal RNA, other RNA containing 
enzymes, co-factors containing purine and/or pyrimidine 
moieties, co-enzymes containing purine and/or pyrimidine 
moieties, any bio or synthetic molecule containing an 
unshielded U, T. G., C or A, or the like. 

Other Applications of IMAC with Nucleic Acids: 
The present invention is also well-suited for use in single 

nucleotide polymorphism (SNP) detection. A preferred 
method of this invention involves using an HPLC IMAC 
column to detected SNPs, where this preferred methods has 
the advantage of exposing the SNP containing sample to a 
Sufficiently large, preferably, maximum, number of theoreti 
cal separation plates, yet maintaining an acceptable separa 
tion speed. Other applications for which the present invention 
is ideally suited include, without limitation, the purification 
of RT PCR reactions, purification, separation or identification 
of DNA sequencing reaction products, separation of labeled 
oligonucleotides, separation of mixture of oligonucleotides, 
or the like. 

In addition, the metalion chelating ligands (IMAC ligands) 
Such as the IDA ligand, the preferred ligand in Chelating 
Sepharose and most other IMAC media, has been derivatized 
and attached to other Substrates including polyacrylamide, 
derivatized polyacrylamide, agarose, derivatized agarose or 
other substrates. These other substrates to which an IMAC 
ligand is attached, allow the IMAC method of this invention 
to be extended to electrophoretic and membranes separation 
techniques. These alternate metal immobilized Substrates are 
also useful for nucleic separation providing interesting ana 
lytical possibilities for derivatized polyacrylamide gels 
(SNPs, etc.) and faster nucleic acid separations using col 
umns or membranes. Thus, the IMAC analytical techniques 
of this invention are adaptable to running IMAC modified 
SNPHPLC columns to separate nucleotides and other nucleic 
acid containing molecules. The techniques are even appli 
cable to attaining sequence information based on the 
observed differential IMAC matrix binding affinities of the 
different bases: AcG>C2T. 

Materials and Methods 

Nucleic Acids Utilized 
Plasmids used were pBGS191uxwt (Genbank it, 6 kb) and 

pCMVsportbgal (Gibco BRL, 7.9 kb). Total bakers yeast 
RNA (Sigma) was used for RNA binding studies. 20-mer 
oligodeoxynucleotides homopolymers were obtained from 
MWG Scientific. In addition, an E. coli-expressed ribozyme 
(86 bases) (18) was used in RNA binding experiments as a 
target molecule. 
Batch Equilibrium Isotherms 1 

Equilibrium adsorption isotherms were measured, in 
duplicate, in 1.9 mL microcentrifuge tubes (Fisher Scientific) 
. Chelating Sepharose Fast Flow adsorbent (Amersham Phar 
macia Biotech) was charged before isotherms were run. 
Matrix was pippeted into a 2.2 mL microcentrifuge tube, 
centrifuged at maximum speed in an Eppendorf microcentri 
fuge, and the supernatant was then decanted. Next, 0.5 mL of 
distilled water was added, Vortexed, decanted as listed above, 
and then repeated twice. Then, 1 mL of 50 mM metal ion 
solution (either CuCl2, CoCl2, ZnCl2 or NiCl) was added to 
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the tube, Vortexed, centrifuged, decanted, and then repeated 
twice to ensure complete loading of the matrix. Next, the 
charged media was washed with IMAC binding buffer (20 
mM HEPES with 250 mM. NaCl at pH 7.0) and repeated 
twice. The final step was to add a /2 volume of IMAC binding 
buffer to create a slurry. 

In tube preparation for isotherm measurement, the follow 
ing order of addition was followed: 20 mM HEPES (Sigma) 
pH 7.0 with 250 mM. NaCl, nucleic acid dissolved in IMAC 
binding buffer, and 20 ml 50% by volume Chelating 
Sepharose adsorbent in IMAC binding buffer. 

After vortexing, tubes were rotated end-over-end in a Roto 
Torque Heavy Duty Rotator (Cole-Palmer Instrument Co.) 
for 10 minutes. After equilibration, the tubes were centri 
fuged in an Eppendorf microcentrifuge for 2 minutes and the 
Supernatant was removed for nucleic acid concentration mea 
surement by absorbance at 260 nm. 
Batch Equilibrium Isotherms 2 

Equilibrium adsorption isotherms were measured, in 
duplicate, in microcentrifuge tubes (Fisher Scientific). 
Chelating Sepharose Fast Flow adsorbent (Amersham Phar 
macia Biotech) was charged with metal as follows: Chelating 
Sepharose was pippeted into a 1.9 mL microcentrifuge tube, 
repeatedly washed by the addition of distilled water, centri 
fuged and decanted. The matrix was loaded by 3 cycles of 
addition of 1 mL of 50 mM metal chloride solution, then 
Vortexing, centrifugation, and decantation. Next, the charged 
adsorbent was washed three times with IMAC binding buffer 
(20 mM HEPES (Sigma) with 250 mM NaCl at pH 7.0). The 
final step was to add one volume of IMAC binding buffer to 
create a slurry. 

For isotherm measurement the following order of addition 
was followed: IMAC binding buffer, nucleic acid dissolved in 
IMAC binding buffer, and 20 ml 50% by volume adsorbent in 
IMAC binding buffer. 

After vortexing, tubes were rotated end-over-end in a Roto 
Torque Heavy Duty Rotator (Cole-Palmer) for 10 minutes, a 
time found sufficient for equilibration in control experiments. 
After equilibration, the tubes were centrifuged in an Eppen 
dorf microcentrifuge for 2 minutes and the Supernatant was 
removed for nucleic acid concentration measurement by 
absorbance at 260 nm. 

Homopolymer Isotherms 1 
The oligonucleotides used were 20-mer homopolymers of 

A, G, T, and C. Isotherms were performed as detailed above 
except the total volume was 200 mL and the tubes were eluted 
with 385 mL of 500 mMimidazolin IMAC binding buffer (15 
mL of the Supernatant was left in solution). In addition, 4 mL 
of Chelating Sepharose Fast Flow was used charged with Ni 
(II) to perform these isotherms. 
Homopolymer Isotherms 2 
Homopolymer isotherms were measured as detailed above 

except in 0.6 mL microcentrifuge tubes with a total volume of 
200 ml, containing 4 ml of Chelating Sepharose Fast Flow. 
The tubes were eluted with 385 ml of 500 mM imidazole in 
IMAC binding buffer (15 ml of the original supernatant was 
left in solution making the actual volume 400 ml). 
Plasmid Lysate Clarification 1 

Plasmid lysates were clarified by column chromatography 
using an FPLC system (Amersham Pharmacia Biotech). A 20 
mLAmicon FPLC column (1 cmx15 cm bed height) was used 
along with pCMVsportbgal plasmid DNA containing cell 
alkaline cell lysates. Columns were first equilibrated with 10 
column volumes of DI H.O. Next, 50 mM metalion solution 
(chloride salt) was applied to the columns until complete 
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saturation was observed. Then, the column was washed with 
2 volumes of water and then equilibrated in IMAC binding 
buffer with 10 column volumes. Plasmid samples were 
loaded directly onto the column. After separation, columns 
were regenerated by first running 10 mM EDTA over the 
column, then a solution of 1 N NaOH and 3 MNaCl. 

Plasmid Lysate Clarification 2 
Plasmid lysates were clarified by column chromatography 

using an FPLC system (Amersham Pharmacia Biotech) and a 
20 mL Amicon FPLC column (1 cmx15 cm). Columns were 
first equilibrated with 10 column volumes of deionized water, 
and 50 mM metal chloride solution as applied to the column 
until complete Saturation was observed by monitoring absor 
bance at 254 nm. The column was then washed with 2 vol 
umes of water and equilibrated in IMAC binding buffer over 
10 column volumes. Plasmid samples were loaded directly 
onto the column. After separation, columns were regenerated 
with 50 mM EDTA at pH 8.0 and then a solution of 1 MNaCl 
in 1 N NaOH. 

PCR Reaction Cleanup 1 
PCR reactions were run on a Perkin-Elmer Gene Amp 2400 

PCR system using (for a 100 mL reaction)3 units of Promega 
Taq polymerase, 10 mL Promega 10x reaction buffer with 
MgCl, and Promega total dNTPs. The selected target was a 
7 Kb plasmid 0.25 mg/100 mL reaction pCMV sport b gal 
(Gibco) with the forward and reverse PCR primers (1 mM of 
each primer/100 mL reaction) SEQ. ID NO. 1 5'TAATTGT 
TGCCGGGAAGCTAGAG 3' and SEQ. ID NO. 25' TCG 
CATTGAATTATGTGCTGTGTAG 3'(MWG Biotech), 
which amplified an 800 base region of the plasmid DNA. The 
PCR was run for 25 cycles at the following temperatures: 
Denaturing at 94° C. (5.5 min), primer annealing at 55° C. 
(0.5 min), and base extension at 72°C. (7.5 min). 

Promega mini-prep microfuge Snap on columns with 
Chelating Sepharose media from Pharmacia biotech were 
used to make spin columns and on each Snap on column 100 
mL of media (in 70% EtOH) was loaded directly onto the 
mini-column Then columns were centrifuged for ~1 minute at 
max speed in an Eppendorfmicrocentrifuge. Next, water (150 
mL), metal ion solution (50 mM metalion X (II) in DI water, 
150 mL), and wash with IMAC running buffer (250 mM 
NaCl, 20 mM HEPES at pH 7.0, 150 mL) was run over the 
column twice. At this point, the column was charged and 
ready to bind nucleic acids. The columns were then switched 
to clean microcentrifuge tubes and the PCR reaction was 
loaded directly onto the column. 

PCR Reaction Cleanup 1 
PCR reactions (100 mL) were run on a Perkin-Elmer Gene 

Amp 2400 PCR system using 2 units of Taq polymerase, 10 
mL of 10x reaction buffer with MgCl2, and 800 mM dNTPs 
(all from Promega). The target was 40 pg/reaction of pCMV 
sport bgal (Gibco) with the forward and reverse PCR primers 
(0.1 nmol each) SEQ. ID NO. 35'TAATTGTTG CCGGGA 
AGCTAGAG 3' and SEQ. ID NO. 45' TCG CATTGAATT 
ATGTGCTGT GTA G 3' (MWG Biotech), which amplified 
an 800 base region of the plasmid DNA encoding beta-lacta 
mase. The PCR was run for 25 cycles of denaturation at 94ffC 
(45 seconds), annealing at 55 ff0 (30 seconds), and extension 
at 72 ff0 (3 minutes). 

Promega mini-prep microfuge Snap-on columns filled with 
100 mL. Chelating Sepharose were used as spin columns. The 
columns were washed with water, charged with metal chlo 
ride solution (50 mM metal chloride in DI water), and finally 
washed with IMAC running buffer. The columns were then 
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switched to clean microcentrifuge tubes and the PCR reac 
tions were applied directly onto the spin columns. 
Mismatch Detection 

Duplexes of oligodeoxynucleotides with internal, single 
base mismatches were all based on the same 50% G/C 20-mer 
oligonucleotide SEQ. ID NO. 5 (5' CAG ACG ATA GTCCTA 
GTT GC 3') and its complement. Mismatch detection used a 
7 mmx7 cm Toso Haas HPLC chelating column run at 1 
mL/min on a Waters 600E HPLC system. 

Oligonucleotides were resuspended in IMAC running 
buffer, allowed to hybridize at 42 ff0 for 10 minutes, and 
loaded via a 400 mL loop. Elution was by four column vol 
umes of IMAC running buffer and a gradient from 0 to 14 mM 
imidazole in IMAC running buffer. The column was regen 
erated by 10 mM EDTA followed by a solution of 3 MNaCl 
in 0.1 N NaOH. 

EXAMPLES 

Equilibrium Adsorption Isotherms 1 
To test binding capacities and trends, equilibrium adsorp 

tion isotherms were run to find affinities of RNA and DNA to 
IMAC matrices. The first experiment ran was to distinguish 
the different binding affinities of RNA and double-stranded 
DNA. In the example, equilibrium isotherms were performed 
using Zn (II) charged IDA IMAC resin using total bakers 
yeast RNA and pPGS19Luxwt plasmid DNA. The resulting 
isotherms showed no apparent binding of the plasmid DNA, 
but a defined binding isotherm for bakers yeast RNA. This 
experiment represented was the first evidence of differential 
binding affinity to an IMACreagent for single-stranded RNA 
and double-stranded DNA. 

Next, binding isotherms were run using different divalent 
metalions (Cui", Ni, Zn" and Co') and total bakers yeast 
RNA to determine the relative binding efficiencies. FIG. 1 
shows the isotherms for each divalent metal ion. From the 
isotherms is it apparent that each metal has a unique isotherm 
plateau, i.e., the plateau for each metalion occurs at a distinct 
value of bound material. This plateau value corresponds to the 
loading capacity of the matrix. The RNA binding efficiencies 
for each metal For copper, nickel, Zinc, and cobalt charged 
IMAC matrix are 5, 3.5, 1 and 0 mgs, respectively. RNA 
capacity of Cu(II) charged IDA-Sepharose was confirmed by 
breakthrough curve analysis (not shown). The trends in these 
isotherms do not follow the metal ion’s positions on the 
periodic chart, but do follow the known trends seen for pro 
tein binding behavior to IMAC matrices. Cu (II) is known to 
bind a single exposed histidine residue; Zn (II) and Ni(II) 
bind at a minimum of 2 adjacent exposed histidine residues; 
and, Co (II) is even more selective for a 6 his tag. 
The different metals have different affinities for nucleic 

acids. Each metal has a different trade-off between loading 
capacity and selectivity. Cu (II) has a higher affinity for 
nucleic acids, while Ni(II) has a higher selectivity for nucleic 
acid components. For applications where a very high binding 
affinity is desired (plasmid separation, etc.), Cu (II) is the 
metal of choice. However, if gradients are run to get a specific 
product from a mixture (RNA separations, PCR product 
cleanup), selectivity is more important and Ni(II) and/or Zn 
(II) should be considered. 
Equilibrium Adsorption Isotherms 2 

Preliminary experiments using Zn(II)-charged IDA 
Sepharose with total bakers yeast RNA and pBGS191uxwt 
plasmid DNA showed considerable binding of RNA, but no 
apparent binding of the plasmid DNA. 
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The adsorption of RNA on IDA-Sepharose loaded with 
various metalions is illustrated in FIG. 2. The amount of RNA 
bound per mL of IMAC matrix for copper, nickel, zinc, and 
cobalt are 5, 3.5, 1 and 0 mg, respectively. The dynamic RNA 
capacity of Cu(II)-charged IDA-Sepharose was found by 
breakthrough curve analysis (at ~100 cm/hr flow rate) to be 
5-7 mg/mL (not shown). The metals RNA affinities follow 
the established trend of IMAC protein binding behavior. 
Binding of 20-mer DNA Homopolymers 1 
To further explore the mechanism by which IMAC matri 

ces bind nucleic acids, oligonucleotides were obtained, which 
were 20-mer homopolymers of A, G, T, and C on a deoxyri 
bonucleic acid backbone. Isotherms were performed using Ni 
(II) charged IMAC resin and the resulting curves are shown in 
FIG. 3. Poly (A) bound with the highest affinity, while poly 
(G) had an approximately 10 times binding efficiency or 
selectivity. Poly (C) had a slightly higher affinity for IMAC 
matrix than that of poly (T). In addition, duplexes of the A and 
Thomopolymers and duplexes of th G and Chomopolymers 
had no binding affinity to the IMAC matrix charged with Ni 
(II). 

Langmuir fits were performed on these homopolymer iso 
therms and q/K, was plotted. The q/K of poly (A) is 
approximately 10 times higher than that of poly (G) and the 
q/K of poly (C) is roughly 5 times higher than that of poly 
(T). Generally, these trends are thought to result form the 
structure of the nucleic acid bases. Adenine lacks a hydrogen 
atom at the nitrogen atom at position 1 and has a /2 character 
aromaticity through resonance. Guanine has an amine at posi 
tion 2 compared to a hydrogen atom in the case of adenine, 
potentially adding an additional steric hindrance to the bind 
ing of metal ions to the position 2 nitrogen. A similar struc 
tural difference is seen in the purines where thymine has a 
hydrogen atom at position 3 that could lower the affinity of 
thymine compared to cytosine. 

These isotherms lead to some guideline when using IMAC 
matrices to bind nucleic acids. First, the IMAC charged 
matrix does not appear to bind the phosphate backbone or the 
Sugar moieties of the nucleic acid oligomers or polymers. The 
low affinity of Ni(II) charged IMAC resin toward poly (T) 
homo-polymer is clear evidence that the binding is not purely 
a backbone effect, since poly (A) and poly (G) showed rela 
tively large binding affinities for the IMAC matrix. Moreover, 
because duplexed nucleic acid oligomers or polymers did not 
bind to the IMAC matrix, the binding does not occurat either 
the phosphate backbone structure or the Sugar moieties. Fur 
thermore, because single-stranded oligonucleotides bind to 
the IMAC matrix, but the duplexes of the A/T and G/C 
homopolymers do not, the interaction appears to be based on 
affinity of the IMAC matrix toward the actual exposed bases 
on the single-stranded nucleic acids (or single stranded 
regions of larger nucleic acid molecules). 

Second, the separation appears to be dependent on the 
number of single stranded purines available for interaction 
with the IMAC matrix. With the purines having such a large 
binding capacity, the method can be used to differentiate 
nucleic acid sequence with different purine to pyrimidine 
contents, especially at the extremes of purine and pyrimidine 
content. Thus, the higher the single-stranded purine content, 
the higher the affinity for the IMAC matrix. 
Binding of 20-mer DNA Homopolymers 2 
The relative IMAC affinities of the nucleic acid bases in 

polynucleotides were examined using 20-mer oligodeoxy 
nucleotide homopolymer isotherms on Ni(II)-charged IDA 
Sepharose (FIG. 4). A20 bound with the highest affinity while 
G20 had an affinity approximately 10 times lower (based on 
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a Langmuir fit). The affinities of the pyrimidines were much 
lower than those of the purines (approximately 60-and 300 
fold lower affinity than A20 for C20 and T20 respectively). In 
addition, the A20/T20 heteroduplex had no detectable bind 
ing affinity, eliminating the phosphate backbone as a major 
source of adsorption affinity. The relative affinities of the 
homopolymers confirmed the nucleotide monomer results of 
Fanou-Ayi and Vijayalakshmi (11) and Hubert and Porath 
(12). 
Plasmid Purification 

Purification of plasmid DNA is an added advantage of 
IMAC. Previous work on affinity precipitation of DNA by 
compaction agents (19) allows for the creation of high purity 
plasmid preparation without the use of column chromatogra 
phy. The major contaminant left in the plasmid DNA purified 
by compaction precipitation is contaminating RNA and linear 
DNA (1-5%). The IMAC separation technique of this inven 
tion is well-suited to bind the remaining RNA (the minor 
component) and DNA fragments to further purify large quan 
tities of plasmid DNA on relatively small IMAC columns. 

FIG. 5 shows repeated Cu IDA stripping of RNA from 
plasmid. EtBr stained 1% agarose gel of Cu (II) charged 
Chelating Sepharose matrix batch adsorption experiment of 
alkaline lysed E. coli with plasmid p3GS191uxwt. Lane 1 is 
the original lysate; Lane 2 is lysate contacted with non 
charged IDA matrix: Lane 3 is the unbound material after a 
single batch adsorption; Lane 4 is Lane 3 after exposure to 
fresh matrix, Lane 5 similarly is Lane 4 after exposure to fresh 
matrix and Lane 6 is Lane 5 after exposure to fresh matrix. 
The next step was to run a lysate over a column. Using 

compaction precipitation purified plasmid, column tests were 
done using a FPLC system. FIG. 6 shows the chromatogram 
of plasmid lysate purification using a 20 mL IMAC column 
charged with Cu (II). The plasmid initially passes through the 
column with no contaminating RNA as determined by gel 
electrophoresis and 260/280 ratios. In the end, IMAC worked 
well as a fast and efficient means of stripping RNA from a 
plasmid containing lysates. 

RNA Separation 
RNA, purified by compaction precipitation, was separated 

via IMAC columns (1 mL Hytrap chelating column). FIG. 7 
shows the FPLC trace of the separation of the bribozyme by 
Cu (II) charged IMAC. The bound RNA was eluted in the 
figure by ammonium chloride, but elution can also be accom 
plished by using EDTA, pH, imidazole, or histidine. The 
ability to bind RNA and elute by direct base interaction to the 
IMAC media leads to a separation that operates on a different 
principle than anion exchange, hydrophobic interaction, and 
sizing chromatography. 

Plasmid and RNA Separation 
The nucleic acid discrimination achieved with IMAC sug 

gests application of the method to the purification of plasmid 
DNA from RNA-rich bacterial lysates FIG. 8 shows repeated 
Cu(II) IDA stripping of RNA from a plasmid DNA-contain 
ing alkaline lysate. Ethidium bromide stained 1% agarose gel 
of Cu(II)-charged Chelating Sepharose batch adsorption of E. 
coli alkaline lysate with plasmid pBGS191uxwt. 1 mL of an 
IPA-precipitated alkaline lysate resuspended in 1 mL IMAC 
running buffer was contacted with 50 uI of Chelating 
Sepharose per batch experiment. Lane 1 is the original lysate; 
Lane 2 is lysate contacted with metal-free IDA matrix: Lane 
3 is the unbound material after a single batch adsorption with 
Cu(II)-charged matrix; and, each of Lanes 4-6 is the previous 
lane after exposure to fresh matrix. 
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IMAC column chromatography was used to strip RNA 
from an E. coli alkaline lysate containing the plasmid pCMV 
sport b gal. FIG. 9 shows an E. coli alkaline lysate purified 
using a 20 mL Cu(II)-charged IDA Sepharose column. The 
plasmid initially passed through the column with an undetect 
able amount of contaminating RNA as determined by gel 
electrophoresis and 260/280 ratio. Initial RNA breakthrough 
was observed when 1 mg/mL of RNA was bound. Approxi 
mately 80% of the contaminating RNA was still bound at a 
loading capacity of 5 mg/mL. 

Previous work on affinity precipitation of DNA from RNA 
by compaction agents (19) allows for the preparation of a high 
purity plasmid DNA without the use of column chromatog 
raphy. The major contaminant in the plasmid DNA purified 
by compaction precipitation is RNA. IMAC adsorption has a 
high capacity for polishing of compaction precipitated DNA 
by selective adsorption of the minor RNA component. 
RNA (b ribozyme), purified by compaction precipitation 

(20), was separated on a 1 mL Cu(II)-charged Hytrap chelat 
ing column (not shown) using an 0 to 2 Mammonium chlo 
ride gradient. The ability to bind RNA leads to an IMAC 
separation that operates on a different principle than anion 
exchange, hydrophobic-interaction, boronate, and size-ex 
clusion chromatography, allowing orthogonal separations. 
PCR Product Cleanup 

This example illustrates the utility of this invention in a 
model PCR reaction system. PCR product cleanup was per 
formed using IMAC spin columns directly with PCR prod 
ucts. The PCR reactions were loaded directly onto the spin 
columns allowing for the rapid removal of PCR primers and 
stunted fragments. FIG. 10 shows a 2% agarose gel of the 
cleanup of a PCR product using a Ni(II) charged IMAC spin 
column. The spin column mainly left behind the double 
stranded PCR product and the plasmid DNA template as seen 
in lane 4 of FIG. 10. In addition, other metal ions were 
evaluated for this application. Cu (II) binds, not only the 
primers and fragments, but also the PCR product itself. 
Because of its high affinity for aromatic nitrogens, copper is 
thought to bind to the ragged ends commonly left by Taq 
polymerase. Thus, the present invention is also related to the 
direct binding and elution of the PCR fragments. 
PCR Product Purification 
PCR reaction mixtures were loaded directly onto Cu(II)- 

charged, 100 mL spin columns for rapid removal of primers 
and stunted or mismatch-containing products. The IMAC 
column captured the primers and the defective products leav 
ing primarily the double-stranded PCR product and the plas 
mid DNA template (FIG. 11 top and bottom, Lane 3). Partial 
elution (FIG. 11 top, Lane 5) shows that the columnbinds not 
only the primers and fragments, but also the Taq PCR product 
itself, presumably through mismatched bulges or the 3'A 
overhang commonly left by Taq polymerase. However, pro 
cessing of a Pfu (21) polymerase PCR reaction product mix 
ture amplifying the same sequence gave similar results (FIG. 
11 bottom, Lane 5), but products of this proofreading poly 
merase were not as readily retained on the IMAC column. 
When the PCR product band in the elutant lanes of the gels 
were integrated, 1.6 times as much PCR product was retained 
on the IMAC column when Taq polymerase PCR reactions 
were purified vs. Pfu PCR reactions. In addition, when the 
IMAC purified Taq PCR product was sequenced improved 
fidelity was seen over a non-IMAC purified control sample 
(results not shown). 
Mismatch Detection Using IMAQ 

Higher resolution IMAC HPLC can separate mismatch 
bearing oligonucleotide heteroduplexes, presumably through 
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34 
interactions with bases in the disordered region. As shown in 
FIG. 12, retention correlates well with the binding affinities of 
the homopolymers (FIG. 4). Especially with the enhanced 
resolution of metal affinity capillary electrophoresis (22), this 
mismatch separation could serve as the basis of PCR product 
cleanup, SNP scoring, or hybridization assays. Fragmenta 
tion of a potentially mutated gene followed by heat denatur 
ation and reannealing in the presence of the corresponding 
wild type DNA, could allow efficient DNA sequence confir 
mation by IMAC in an analysis similar to “tryptic mapping 
of proteins. 

CONCLUSIONS 

IMAC, a robust and widely used chromatographic process, 
and now represents an effective nucleic acid separation tech 
nique with many applications. Metal charged IMAC ligands 
have affinity for single-stranded nucleic acids, in particular 
exposed nucleic acid bases or other molecules including at 
least one non-shielded purine or pyrimidine moiety. Through 
isotherm measurement, the IMAC matrix has been proven to 
bind to the nucleic acid bases and not the phosphate anion 
backbone or the ribose in the backbone. The aromatic nitro 
gens in the nucleic acid bases are the targets of the metalion 
interaction meaning that purines have a higher affinity than 
pyrimidines for the charged IMAC matrix. The determined 
order of affinities are AcG>>C2T. 
The nitrogen containing aromatic bases can be effectively 

stripped from a bacterial lysate or free solution. One preferred 
application of IMAC described herein is the purification of 
plasmid DNA by retaining RNA contaminants. In addition, 
separation of RNA (b ribozyme), single-stranded nucleic 
acids, and primers, truncated fragments and bases can be 
easily be removed from sequencing/PCR reactions. 

Chelated soft metal ions interact with exposed bases of 
nucleic acids, and this interaction can serve as the basis of a 
variety of preparative and analytical methods useful in 
genetic technology. In addition, to those demonstrated here, 
further applications may include eukaryotic (poly(A)tailed) 
mRNA isolation, improvement of the quality and clonability 
of PCR products, and economical SNP scoring and sequence 
confirmation. 

Detailed Description of Apparatuses of This 
Invention 

Referring now to FIGS. 13A&B, two preferred embodi 
ments of separation apparatus of this invention, generally 
100, are shown to include a column 102 having an inlet 104 
adapted to receive a sample (not shown), an outlet 106 and a 
single Zone 108, while the column 102 of FIG. 13B includes 
a first Zone 108 and a second Zone 110. The single or first Zone 
108 includes an IMAC matrix with one or more immobilized 
metal atoms and/or ions bound thereto, while the second Zone 
includes another matrix capable of separating sample com 
ponents based on a different chemical and/or physical prop 
erty Such as size, charge, hydrophobicity, hydrophilicity, or 
any other property. Of course, one of ordinary skill in the art 
should recognize that the two Zones in FIG. 13B can be two 
different columns connected together in series. 
The apparatus 100 is utilized by supplying a sample or 

sample flow 112 to the inlet 104 and analyzing an apparatus 
effluent 114 leaving the outlet 106. The sample or sample flow 
112 can be a single sample or the output of an upstream 
separation apparatus. Moreover, the apparatus 100 can be 
used in a discrete or continuous mode of operation depending 
on the nature of the analysis intended. 
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Referring now to FIG. 14, a preferred embodiment of an 
analytical instrument apparatus of this invention, generally 
200, is shown to include a sample input unit 202 in fluid 
communication via a first fluid conduit 204 with a separation 
unit 206. The separation unit 204 includes at least one sepa 
ration apparatus of FIGS. 13A&B. The separation unit 204 is 
in fluid communication via a second fluid conduit 208 with a 
detector unit 210. The detector unit 210 is adapted to convert 
one or more properties of an effluent of the separation unit 206 
to a signal. The signal is forwarded to an analyzer unit 212 via 
an electric conduit 214, which places the detector unit 210 in 
electrical communication with the analyzer unit 212. The 
analyzer unit 212 converts the signal produced by the detector 
unit 210 into a measurement of the detected property. Of 
course, the detector unit 210 and the analyzer unit 212 can be 
a single unit. Generally, the analyzer unit 212 is a digital 
processing unit including a memory, a digital processor, out 
put devices such as a printer, a CRT, or the like and associated 
Software and hardware for communication, storage, retrieval 
and human interaction. 
The sample input unit 202 can be an injector unit for 

injecting or introducing a single sample or plug of sample into 
the separation unit 206 

The term fluid communication means that fluid is able to 
flow from one unit to the other unit in the indicated direction. 
The term electrical communication means that an electric 
signal travels from one unit to another unit in the indicated 
direction. 

Modifications 

While not to be taken as limiting, the following embodi 
ments are also to be included within the inventions: 
A composition comprising a first compound including 

immobilized metal atoms and/or ions capable of binding 
compounds containing a non-shielded purine or pyrimidine 
group and a second compound containing a non-shielded 
purine or pyrimidine group bound to a portion of the metal 
atoms and/or ions; wherein the second compound is selected 
from the group of RNA, single stranded DNA, and other 
molecules having a non-shielded purine and/or pyrimidine 
moiety or group, or wherein the first compound comprises a 
polymeric material including a plurality of ligands bonded 
thereto, each ligand immobilizing a metal ion selected from 
the group consisting of Cu, Zn, Ni", Fe", Fe", Co.", 
Sc", Ti", V", Cr, Mn, Ca", Cd" or Hg" or mixtures 
or combinations thereof, or wherein the metal ion selected 
from the group consisting of Cui", Zn", Ni, Fe", or Co." 
or mixtures or combinations thereof. 

An immobilized metal affinity chromatography (IMAC) 
column comprising a packing including immobilized metal 
atoms and/or ions capable of binding compounds containing 
a non-shielded purine or pyrimidine moiety or group and a 
compound containing a non-shielded purine or pyrimidine 
moiety or group bound to a portion of the metal atoms and/or 
ions wherein the second compound is selected from the group 
of RNA, single stranded DNA, and other molecules having a 
non-shielded purine and/or pyrimidine moiety or group; or 
wherein the first compound comprises a polymeric material 
including a plurality of ligands bonded thereto, each ligand 
immobilizing a metal ion selected from the group consisting 
of Cu2+, Zn2+, Ni2+, Fe2+, Fe2+, Co2", Sc2*, Ti2+, V2+ Cr2", 
M", Ca", Cd" or Hg" or mixtures or combinations thereof; 
or wherein the metalion selected from the group consisting of 
Cu, Zn, Ni, Fe", or Co" or mixtures or combinations 
thereof. 
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A Substrate comprising a plurality of ligands bonded 

thereto, each ligand immobilizing a metal atom and/or ion 
capable of binding compounds containing a non-shielded 
purine or pyrimidine moiety or group, and a compound con 
taining a non-shielded purine or pyrimidine moiety or group 
bound to a portion of the metal atoms and/or ions wherein the 
second compound is selected from the group of RNA, single 
stranded DNA, and other molecules having a non-shielded 
purine and/or pyrimidine moiety or group; or wherein the first 
compound comprises a polymeric material including a plu 
rality of ligands bonded thereto, each ligand immobilizing a 
metal ion selected from the group consisting of Cu, Zn", 
Ni?", Fe", Fe?", Co?", Sc?", Ti2+, v2+, Cr?", Mn?", Ca?", 
Cd" or Hg" or mixtures or combinations thereof; or wherein 
the metal ion selected from the group consisting of Cui", 
Zn, Ni, Fe", or Co" or mixtures or combinations 
thereof; or wherein the substrate is selected from the group 
consisting of a polymer, a column inner wall, a membrane, an 
inorganic Support, a metallic Support, and a Surface of an 
electronic chip. 
An apparatus comprising a sample input unit, a separation 

unit, a detector unit and an analyzer unit wherein the separa 
tion unit is a Zone comprising an IMAC matrix including 
metal atoms, metal ions or mixtures thereof capable of bind 
ing compound having a non-shielded purine moiety, pyrimi 
dine moiety or mixture thereof; or wherein the Zone is a 
column; or wherein the separation unit comprises a first Zone 
comprisinga IMAC matrix including metal atoms, metalions 
or mixtures thereof capable of binding compound having a 
non-shielded purine moiety, pyrimidine moiety or mixture 
thereof and a second Zone comprising a second matrix 
capable of separating compounds based on at least one 
chemical or physical property; or wherein the second matrix 
comprises an anion exchange material or an HIC material; 
wherein the first and second Zones area columns connected in 
series; or wherein the first Zone comprises a first portion of a 
column and the second Zone comprises a second portion of 
the column. 
An apparatus comprising a Substrate having an IMAC 

ligand coated thereon, bonded thereto, deposited thereon or 
deposited therein, where the substrate is adapted to remove 
contaminating compounds including a non-shielded purine 
moiety, pyrimidine moiety, or mixture thereof from target 
compounds including a shielded purine moiety, pyrimidine 
moiety, or mixture thereof wherein the substrate is selected 
from the group consisting of a porous stirrer, a filter, a mem 
brane, an interior wall of a vessel, or mixtures thereof; or 
wherein the contaminating compounds are RNA and target 
compounds are plasmids. 
A method for separating compounds comprising the step 

of: 
contacting a solution comprising compounds including a 

non-shielded purine or pyrimidine moiety and compounds 
including a shielded purine or pyrimidine moiety with a solid 
composition including immobilized metal atoms and/or ions 
capable of binding compounds containing a non-shielded 
purine or pyrimidine moiety to form a Supernatant liquid 
having a reduced amount of compounds including a non 
shielded purine or pyrimidine moiety; further comprising the 
step of: 

separating the Supernatant liquid from the solid composi 
tion; or further comprising the steps of 

separating the Supernatant liquid from the solid composi 
tion and 

eluting the compounds including a non-shielded purine or 
pyrimidine moiety from the solid composition; or wherein the 
compounds including a non-shielded purine or pyrimidine 
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moiety comprise a nucleoside, a nucleotide, a single stranded 
nucleic acid oligomer, or a single stranded nucleic aid poly 
mer and the compounds including a shielded purine or pyri 
midine moiety comprise double stranded nucleic acid oligo 
mers or double stranded nucleic acid polymers; or wherein 
the Supernatant liquid comprises compounds including a 
shielded purine or pyrimidine moiety having less than or 
equal to 5% by weight compounds including a non-shielded 
purine or pyrimidine moiety; or wherein the Supernatant liq 
uid comprises compounds including a shielded purine or 
pyrimidine moiety having less than or equal to 1% by weight 
compounds including a non-shielded purine or pyrimidine 
moiety; or wherein the Supernatant liquid comprises com 
pounds including a shielded purine or pyrimidine moiety 
having less than or equal to 0.01% by weight compounds 
including a non-shielded purine or pyrimidine moiety. 
A method for making multisubstrate columns comprising 

the step of running a small amount of IMAC ligand onto an 
activated column and then flooding the rest of the column 
with at least one additional ligand or stationary phase. 
A method for separating compounds comprising the steps 

of: 
passing a solution comprising a mixture of compounds 

including a non-shielded purine moiety, a non-shielded pyri 
midine moiety or mixture thereof through a column including 
an IMAC ligand, where the ligand is capable of differentially 
binding the compounds; and 

collecting purified samples of each compound; or further 
comprising the step of 

detecting each compound in an effluent from the column as 
a function of time from at least one detectable property asso 
ciated with each compound; and 

determining the identity of each compound from the 
detected properties; or wherein the mixture of compounds 
comprises poly(A)tailed mRNA sequences and other mRNA 
sequences from eukaryotic cells, where the poly(a) mRNA 
sequences elute after the other mRNA sequences; or wherein 
the mixture for compounds comprises denatured nucleic acid 
sequences, where sequences having A rich regions elute after 
sequences having T rich regions so that complementary 
strands can be resolved; or wherein the mixture for com 
pounds comprises denatured nucleic acid sequences, where 
sequences having Crich regions elute after sequences having 
Grich regions so that complementary strands can be resolved; 
or wherein the mixture of compounds comprises denatured 
nucleic acid sequences having A-C, A-G, A-C-G, T-G, T-C 
and or T-G-C rich regions so that the sequences having thee 
A-C, A-G, and/or A-C-G rich regions elute after their comple 
mentary sequences having T-G, T-C and or T-G-C rich 
regions resulting in a resolution of complementary 
Sequences. 
A method for purifying food stuffs containing purine and/ 

or pyrimidine moieties comprising the steps of 
forming a crude foodstuff comprising cellular constituents 

including digestable proteins and nucleic acid contaminants 
including a non-shielded purine moiety, a non-shielded pyri 
midine moiety or mixture thereof; 

contacting the food stuff with Substrate comprising an 
IMAC ligand, where the substrate binds the nucleic acid 
contaminants; and 

removing the Substrate comprising the IMAC ligand hav 
ing bound thereto the nucleic acid contaminants to form a 
purified food stuff; further comprising the step of 

treating the crude food stuff with a DNAse, endo or exo 
nuclease or other nucleic acid digestion enzyme or agent prior 
to the contacting step. 
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A method for purifying a crude compound containing a 

non-shielded purine and/or pyrimidine moiety comprising 
the steps of: 

forming a crude mixture comprising a target compound 
and contaminants; 

contacting the crude mixture with an agent including an 
IMAC ligand capable of binding to the target compound to 
form an IMAC ligand complex: 

separating the complex from the contaminants; and 
recovering the compound from the complex; wherein the 

compound is an AIDS drugs selected from the group consist 
ing of AZT or DDI, co-enzyme A, or mixtures thereof. 
An assay comprising the steps of 
contacting a microplate Substrate comprising wells coated 

with a composition comprising a IMAC-oligonucleotide 
complex including an IMAC ligand and a single stranded 
oligonucleotide having a first molecular and/or atomic tag 
bound to the IMAC ligand; and 

contacting a nucleic acid sequence including a second 
molecular and/or atomic tag with the IMAC-oligonucleotide 
complex; and 

measuring a change in fluorescence when the nucleic acid 
sequence includes a complimentary Subsequence to oligo 
nucleotide due to an interaction between the first and second 
molecular and/or atomic tags; wherein the first tag is a fluo 
rophore and the second tag is a quencher for the fluorophore; 
or wherein the second tag is a fluorophore and the first tag is 
a quencher for the fluorophore; or 2, wherein the tags for a 
fluorescent donor-acceptor pair. 
An assay comprising the steps of contacting a substrate 

comprising a surface coated with a composition comprising 
an IMAC ligand and a first fluorophore with an oligonucle 
otide including a second fluorophore and measuring an effec 
tive Stoke shift such that a large effective Stoke shift signifies 
oligonucleotide binding to the coated Substrate and a normal 
effective Stoke shift signifies no oligonucleotide binding to 
the coated substrate. 
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SEQUENCE LISTING 

<16 Oc NUMBER OF SEO ID NOS: 8 

<210 SEQ ID NO 1 
<211 LENGTH: 23 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: PCT Primer Sequence 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (23) 

40 
21. Cline, J., Braman, J. C. & Hogrefe, H. H. (1996) Nucleic 

Acids Res. 24, 3546-3551. 
22. Haupt, K., Roy, F. & Vijayalakshmi, M. A. (1996) Anal. 

Biochem. 234, 149-154. 
All references, patents, patent application or articles, cited 

herein are incorporated by reference for all purposes permit 
ted by controlling law and legal precedents. While this inven 
tion has been described fully and completely, it should be 
understood that, within the scope of the appended claims, the 
invention may be practiced otherwise than as specifically 
described. Although the invention has been disclosed with 
reference to its preferred embodiments, from reading this 
description those of skill in the art may appreciate changes 
and modification that may be made which do not depart from 
the scope and spirit of the invention as described above and 
claimed hereafter. 

<223> OTHER INFORMATION: Forward PCT Primer Sequence 5' to 3' 

<4 OO SEQUENCE: 1 

taattgttgc cgggaagct a gag 

<210 SEQ ID NO 2 
<211 LENGTH: 25 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: PCT Primer Sequence 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (25) 
<223> OTHER INFORMATION: Reverse PCR primer 5' to 3' 

<4 OO SEQUENCE: 2 

togcattgaa titatgtgctg tdtag 

<210 SEQ ID NO 3 
<211 LENGTH: 2O 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

23 

25 

<223> OTHER INFORMATION: Synthetic Oligonucleotide Sequence 

<4 OO SEQUENCE: 3 

Cagacgatag to Ctagttgc 

<210 SEQ ID NO 4 
<211 LENGTH: 2O 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Oligonucleotide Sequence 

<4 OO SEQUENCE: 4 
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- Continued 

gtctgctatc aggat Caacg 

SEO ID NO 5 
LENGTH: 2O 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: 

<4 OO SEQUENCE: 5 

aaaaaaaaaa aaaaaaaaaa. 

SEQ ID NO 6 
LENGTH: 2O 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: 

<4 OO SEQUENCE: 6 

ttitt tttitt t t t t t t t t titt 

SEO ID NO 7 
LENGTH: 2O 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: 

<4 OO SEQUENCE: 7 

cc cc cc cc cc cococc cc cc 

SEQ ID NO 8 
LENGTH: 2O 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: 

<4 OO SEQUENCE: 8 

9999999999 9999999999 

We claim: 
1. A method for separating compounds comprising the 

steps of: 
contacting a mixture comprising cell lysate or enzyme and 

a target polynucleotide compound which includes at 
least four non-shielded purine or pyrimidine moieties, 
and other compounds, with a solid composition includ 
ing immobilized metal ions capable of binding com 
pounds containing a non-shielded purine or pyrimidine 
moiety, to form a liquid product containing a reduced 
amount of the target polynucleotide; and exposing the 
solid composition to an elutant which selectively elutes 
the polynucleotide target compound; and collecting the 
target compound Substantially free from both protein 
contaminants and histidine tags. 

2. The method of claim 1, further comprising the step of: 
separating the liquid from the Solid composition. 

3. A method for separating compounds comprising the 
steps of: 

passing a mixture of compounds including target poly 
nucleotides comprising at least four non-shielded purine 
moieties, at least four non-shielded pyrimidine moieties, 
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Synthetic Oligonucleotide Sequence 

2O 

Synthetic Oligonucleotide Sequence 

2O 

Synthetic Oligonucleotide Sequence 

2O 

Synthetic Oligonucleotide Sequence 

2O 

or mixtures thereof, through a column comprising an 
IMAC ligand, wherein the ligand is capable of differen 
tially binding the polynucleotides; and 

eluting and collecting purified samples of the target poly 
nucleotides substantially free from both protein con 
taminants and histidine tags. 

4. The method of claim 3, further comprising the step of: 
detecting each polynucleotide in an effluent from the col 
umn as a function of time from at least one detectable 
property associated with each compound; and determin 
ing the identity of each compound from the detected 
properties. 

5. A method for purifying a lysate or enzyme product 
comprising a crude DNA or RNA target compound contain 
ing at least four non-shielded purine and/or pyrimidine base 
moieties, said method comprising the steps of forming a 
crude mixture comprising a target compound and contami 
nants; contacting the crude mixture with an agent including 
an IMAC ligand capable of binding to the target compound to 
form an IMAC ligand complex: 
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separating the complex from the contaminants; and 
recovering the target compound from the complex Substan 

tially free from both protein contaminants and histidine 
tags. 

6. A method for separating compounds comprising the step 
of: 

contacting a mixture comprising cell lysate or enzyme and 
a target polynucleotide including a non-shielded purine 
or pyrimidine moiety and a compound including a 
shielded purine or pyrimidine moiety with a solid com 
position including immobilized metal ions capable of 
binding compounds containing a non-shielded purine or 
pyrimidine moiety to form a Supernatant liquid having a 
reduced amount of compounds including a non-shielded 
purine or pyrimidine moiety; 

wherein the compound including a non-shielded purine or 
pyrimidine moiety comprises a single stranded nucleic 
acid oligomer, or a single stranded nucleic acid polymer 
and the compounds including a shielded purine or pyri 
midine moiety comprise double stranded nucleic acid 
oligomers or double stranded nucleic acid polymers; 

wherein the Supernatant liquid contains less than or equal 
to 5% by weight compounds comprising a non-shielded 
purine or pyrimidine moiety and the solid composition is 
Substantially free from both protein contaminants and 
histidine tags. 

7. A method of claim 6 wherein the mixture comprises 
poly(A)tailed mRNA sequences and other mRNA sequences 
from eukaryotic cells, the poly(a) mRNA sequences elute 
after the other mRNA sequences; or wherein the mixture of 
compounds comprises denatured nucleic acid sequences, 
wherein sequences having A-rich regions elute after 
sequences having T-rich regions, so that complementary 
Strands can be resolved. 

8. A method of claim 6 wherein the solution comprises 
denatured nucleic acid sequences, wherein sequences having 
Crich regions elute after sequences having G-rich regions so 
that complementary strands can be resolved; or wherein the 
mixture of compounds comprises denatured or partially dena 
tured nucleic acid sequences having A-C, A-G, A-C-G, T-G, 
T-C and or T-G-C rich regions wherein the sequences having 
the A-C, A-G, and/or A-C-G rich regions elute after their 
complementary sequences having T-G, T-C and or T-G-Crich 
regions resulting in a resolution of complementary 
Sequences. 

9. The method of claim 1 wherein the target compound 
containing at least four non-shielded purine or pyrimidine 
moieties, is selected from the group consisting of single 
stranded DNA, partially single-stranded DNA, denatured 
DNA, fragmented DNA or RNA, plasmid DNA containing 
single-stranded regions, incomplete or imperfect PCR prod 
ucts, chain-terminated polymerase products, restriction 
endonuclease-digested DNA, single-stranded PNA, single 
stranded primer, single stranded RNA, poly A mRNA and 
messenger RNA, and is removed from compounds that do not 
contain a non-shielded purine or pyrimidine moiety. 

10. A method for separating compounds comprising the 
step of contacting a mixture comprising cell lysate or 
enzyme comprising double-stranded DNA and additionally 
comprising RNA and/or DNA, said RNA and/or DNA con 
taining single-stranded portions having a non-shielded purine 
or pyrimidine moiety, with a solid composition comprising 
immobilized metal ions capable of binding compounds hav 
ing a non-shielded purine or pyrimidine moiety, to form a 
Supernatant liquid having a reduced amount of RNA and/or 
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44 
DNA having single-stranded portions and a solid composi 
tion Substantially free from both protein contaminants and 
histidine tags. 

11. A method according to claim 10 further comprising the 
steps of: 

separating the Supernatant liquid from the solid composi 
tion; or further comprising the steps of 

separating the Supernatant liquid from the solid composi 
tion and 

eluting the RNA and/or DNA including a non-shielded 
purine or pyrimidine moiety from the Solid composition. 

12. A method of claim 11 wherein the supernatant liquid 
comprises compounds including a shielding purine or pyri 
midine moiety having less than or equal to 1% by weight of 
compounds which include a non-shielded purine or pyrimi 
dine moiety. 

13. A method of claim 11 wherein the supernatant liquid 
comprises compounds including a shielded purine or pyrimi 
dine moiety having less than or equal to 0.01% by weight 
compounds which include a non-shielded purine or pyrimi 
dine moiety. 

14. A method for separating compounds comprising the 
steps of passing a solution comprising at least one polynucle 
otide, the polynucleotide containing single-stranded portions 
having at least four non-shielded purine or pyrimidine moi 
eties through a column including an IMAC ligand, 
where the ligand is capable of differentially binding the 

polynucleotide without the presence of histidine tags; 
and collecting purified samples of each polynucleotide 
compound Substantially free from both protein contami 
nants and histidine tags. 

15. The method of claim 14, further comprising the steps 
of detecting each compound in an effluent from the column 
as a function of time from at least one detectable property 
associated with each compound; and 

determining the identity of each compound from the 
detected properties. 

16. A method according to claim 9 wherein the target 
compound is separated from a compound selected from the 
group consisting of genomic DNA, double-stranded plasmid 
DNA, double-stranded PCR product, double-stranded hybrid 
and double-stranded PNA. 

17. The method of claim 14, further comprising the step of: 
detecting each compound in an effluent from the column as 

a function of time from at least one detectable property 
associated with each compound. 

18. The method of claim 1 wherein the contacting of the 
crude with the solid composition is performed in batch mode. 

19. The method of claim 1 wherein the target compound 
comprises RNA having at least four non-shielded purine and/ 
orpyrimidine moieties and is separated from a lysate contain 
ing double-stranded DNA. 

20. The method of claim 1 wherein the target compound 
recovered from the Solid composition is present in the original 
mixture at a concentration of less than 1 micromolar. 

21. The method of claim 1 wherein the contacting of the 
mixture with the solid composition is performed in batch 
mode, and the target compound collected is present in the 
original mixture at a concentration of less than 1 micromolar. 

22. The method of claim 1 wherein the solid composition 
comprises a ligand selected from the group consisting of 
iminodiacetic acid (IDA), nitrilotriacetic acid (NTA), penta 
dentate chelator (PDC), tris-(2-ethylaminoethyl) amine 
(TREN), dipicolylamine (DPA) and chelating lipids. 

23. A method of claim 1, wherein the target compound 
comprises DNA. 
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24. A method of claim 1, wherein the target compound tured genomic DNA, and the other compounds comprise 
comprises RNA. genomic DNA, plasmid DNA or PCR product DNA. 

25. A method of claim 1 wherein the target polynucleotide 
comprises single-stranded DNA, mRNA, miRNA, or dena- k . . . . 


